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ABSTRACT
POST-FLEDGING HABITAT SELECTION AND MOVEMENTS OF JUVENILE
MALLARDS IN THE PRAIRIE POTHOLE REGION
CYNTHIA E. ANCHOR
2022
The Prairie Pothole Region (PPR) of North America provides critical habitat for
waterfowl across life stages, but anthropogenic changes to the landscape have negatively
impacted habitat quality for waterfowl. The mallard (Anas platyrhynchos) is abundant
and socioeconomically valuable in the PPR, as it is a preferred target species of
waterfowl hunters. Extensive research has evaluated breeding ecology of mallards in the
PPR, but the period between juvenile mallards fledging and migrating has rarely been
studied. The post-fledging ecology of juvenile mallards is a vital consideration for
comprehensive waterfowl management. Further, juvenile mallards are a significant
portion of hunter harvest at northern latitudes, so their distributions relative to duck
hunting seasons have implications for hunter opportunity and success. I captured 137
juvenile mallards in North and South Dakota during the late summers of 2018–2019 and
marked them with intracoelomic satellite transmitters. I associated mallard locations with
covariates related to wetland and local-scale habitat features, indices of disturbance,
weather, and demographics in models to evaluate habitat selection and movements.
Juvenile mallards considered wetland features over local-scale landscape characteristics
when selecting habitats. Lacustrine wetlands with complex shorelines were most selected
during diurnal and nocturnal periods, but seasonal and semipermanent wetlands were
used most often. Larger wetlands were selected at night, especially on weekends,
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suggesting that disturbance factored into habitat selection. Juvenile mallards relocated
farthest during strong tail winds, and colder temperatures and more snow cover
encouraged relocations to the southeast. By the start of hunting seasons, mallards marked
before fledging had moved longer cumulative distances but many were closer to natal
wetlands than mallards marked after fledging. Thus, improving nest survival of latenesting mallards could increase localized hunter opportunity by increasing the proportion
of juveniles near natal areas later in the post-fledging period. Predicted climate trends for
the southeastern PPR suggest increasingly early mallard hatches, warmer temperatures,
and changes to the structure and function of extant wetlands, all factors that may
influence the distribution of post-fledging juvenile mallards. These results emphasize the
need for management practices that maintain landscape heterogeneity, increase resiliency
to climate change, and potentially improve survival of late-initiated mallard nests.
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CHAPTER 1. JUVENILE MALLARDS AND CONSERVATION CHALLENGES IN
THE PRAIRIE POTHOLE REGION: AN INTRODUCTION
My goals in writing this chapter are to introduce topics presented in this thesis,
discuss the impetus for the research, describe the principal objectives and how they will
be met, and outline what readers can expect from the rest of the document. Additionally, I
detail aspects of study design and methodology that are applicable to the entire document,
but may be too detailed for inclusion in every chapter. The following chapters are
research-focused and are where I present the information that I hope will ultimately help
inform conservation of waterfowl resources.
Introduction
Waterfowl research historically focused on breeding, wintering, and migration
periods of the annual cycle (Stafford et al. 2014). Studies conducted during the postbreeding period of late summer and autumn have been limited in number and scope,
primarily investigating adult behavior and ecology (e.g., Baldassarre et al. 1983, Gordon
1985, Gilmer et al. 1977, Yarris et al. 1994) and largely ignoring the potentially unique
ecology of fledged juvenile waterfowl. The paucity of studies of juvenile waterfowl
exists even for the mallard (Anas platyrhynchos), the most cosmopolitan and heavily
studied migratory duck species that occupies extensive breeding and non-breeding ranges
across Eurasia, Australasia, North America, and elsewhere (Baldassarre 2014). Crucially,
only a few studies have assessed the behaviors and ecology of juvenile mallards between
fledging and fall migration; studies from Finland (Nummi and Pö ysä 1995), Minnesota
(Kirby et al. 1989), and New Zealand (Klee and McDougall 2012) were conducted on
unique mallard populations and in dissimilar regions to where this research was
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conducted. Only one study (Beaudoin 2010) has evaluated aspects of post-fledging
mallard ecology in the Prairie Pothole Region (PPR) of North America, a region that
supports over 20 million breeding waterfowl annually (USFWS 2019).
Much of North Dakota and eastern South Dakota is located within the PPR, a
landscape formed by retreating glaciers approximately 12,000 years ago (Leitch 1989).
The PPR was historically a landscape of shallow, productive wetlands interspersed
throughout abundant contiguous grasslands (Stewart and Kantrud 1971). Similar to most
temperate grasslands, the area boasts deep, rich soils and has faced extensive
anthropogenic conversion to agricultural production (Samson and Knopf 1996). Samson
et al. (2004) estimated that 13% of tallgrass prairie, 52% of shortgrass prairie, and 29% of
mixed prairie remained in 2004, with substantial land conversion continuing in recent
decades (Claassen et al. 2011, Wimberly et al. 2017). Similarly, prairie wetlands have
been intensively drained and converted to arable land, resulting in an estimated 61% loss
of wetland acres since settlement in the mid-1800s (Dahl 2014). Fragmentation,
overgrazing, and invasion by nonnative plant species often degrade the quality of
remnant grasslands for waterfowl nesting (Wimberly et al. 2018). Further, grassland
conversion and wetland drainage often change the structure and function of remaining
wetlands (Dahl 2014, Krapu et al. 2018, Johnston and McIntyre 2019).
The mosaic of shallow, productive wetlands and grasslands that persist in the PPR
make it the most ecologically significant region in North America for many waterfowl
species (Batt et al. 1989, Hoekman et al. 2002). However, widespread conversion of
prairie wetlands and grasslands for agriculture and other land uses has negatively
impacted waterfowl production and habitat quality in the region (Gleason et al. 2011).
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Recognizing these issues, waterfowl managers across North America have designated the
PPR as a top conservation priority (NAWMP 2012). Habitat conservation is often
resource limited and constrained by socioeconomic considerations. Therefore, it is critical
that managers understand how mallards and other waterfowl use heterogeneous resources
in the PPR to best focus conservation efforts. Although mallards have been heavily
studied during the breeding period, my research on post-fledging mallard ecology intends
to expand the current knowledge of mallard-habitat associations in the PPR to inform
conservation and management.
The period between fledging and autumn migration is a time of unique
physiological and social development for juvenile mallards. In late summer and early
autumn, young mallards learn to fly and navigate, develop settling and social cues, learn
to avoid predators, molt, and prepare for migration (Hohman et al. 1992). Young birds
may seek high-protein and high-energy foods to meet life-history needs as they grow and
complete feather development. Presumably, body condition (i.e., endogenous lipid
reserves; Johnson et al. 1985) at the beginning of autumn migration is influenced by how
juvenile mallards move and select habitats (e.g., space, water, cover, and forage; Hall et
al. 1997) to meet various nutritional requirements during the post-fledging period.
Moreover, many waterfowl species express cross-seasonal or carryover effects (Sedinger
and Alisauskas 2014, Stafford et al. 2014, Osnas et al. 2016, Klimas et al. 2020) and body
condition of juvenile mallards during the post-fledging period and autumn migration may
influence subsequent survival, recruitment, and fecundity. Therefore, understanding
habitat selection strategies of juvenile mallards prior to their first migration may have
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important conservation and management implications that extend beyond the PPR and
post-fledging period.
Age- and sex-specific survival rates are integral to understanding population
dynamics (Dufour and Clark 2002). For hunted wildlife populations, source-specific and
regional estimates of mortality are critical to determining harvest potential and setting
harvest regulations (Anderson and Burnham 1976, Johnson et al. 1997). Rates, causes,
and timing of mortality from fledging to migration remain some of the least-understood
components of mallard recruitment (Sargeant and Raveling 1992, Kirby and Sargeant
1999). However, evidence suggests that poor body condition, inexperience, and limited
mobility after fledging leave young ducks particularly vulnerable to natural and
anthropogenic threats (Dufour et al. 1993, Szymanski and Afton 2005, Szymanski et al.
2013). Perhaps the greatest threat faced by young waterfowl during the post-fledging
period is hunting; in a study of post-fledging mallard survival in Minnesota, harvest
accounted for 77% of mortality (Kirby and Sargeant 1999). In the Dakotas, juvenile
mallards comprised 62% of mallard harvest and 27% of all duck harvest over the past 20
years (Dubovsky 2018).
Direct band recoveries in early autumn demonstrate the ability and propensity of
juvenile mallards to move long distances (>50 km) during the post-fledging period, but
the motivations for making long-distance movements prior to migration remain unknown.
Human disturbance may be one factor that influences these movements, as waterfowl
have been observed altering movement behaviors in response to hunting pressure (Bell
and Austin 1985, Havera et al. 1992, Evans and Day 2002, Dooley et al. 2010, Beaudoin
2010). Further, Hochbaum (1944) suggested juvenile mallard movements might be less
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intentional; he observed all sex and age classes in groups of molting mallards on the
Delta Marsh in Manitoba and suggested that some post-breeding first-year males may
have found molting lakes and marshes during “juvenile wanderings of the previous
summer”. Weather conditions may also influence dispersal movements, as home range
sizes, foraging flights, within-season relocations, and migration can all be influenced by
weather (Bossenmeier and Marshall 1958, Sauter et al. 2010, Schummer et al. 2010,
Kleyheeg et al. 2017, O’Neal et al. 2018). Juvenile mallards presumably move and select
habitats by considering some combination of habitat characteristics, hunting disturbance,
and weather patterns.
Study Design
Study Area
My capture area included approximately 90,000 km 2 in the PPR of southeastern
North Dakota and northeastern South Dakota that overlapped three similar, but distinct,
prairie ecoregions (Figure A1). The Missouri Coteau ecoregion stretches from the eastern
edge of the Missouri River Valley to the Missouri Escarpment and is characterized by
“hill and swale” topography and abundant, concentrated wetlands (Bryce et al. 1998).
East of the Missouri Escarpment lies the Drift Prairie ecoregion, a gently undulating
landscape that was historically composed of high densities of temporary and seasonal
wetlands surrounded by mixed-grass prairie. Large expanses of native prairie remain in
the Missouri Coteau, but the Drift Prairie has been extensively drained and converted for
crop production (Bryce et al. 1998). The southeastern portion of the study area in South
Dakota overlaps the Prairie Coteau ecoregion, an area with high densities of seasonal and
semipermanent wetlands, steeply sloped terrain, and natural lakes that formed during
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glaciation. All of these prairie ecoregions provide valuable habitat for nesting waterfowl
and are well-suited for finding and capturing juvenile mallards before or immediately
after fledging.
Sampling Protocol
The capture strategies and sample compositions of juvenile mallards were
intended to align with typical preseason banding efforts by North Dakota Game and Fish
Department (NDGF) and South Dakota Game, Fish, and Parks (SDGFP) to facilitate
comparisons of telemetered and preseason-banded mallards. In North Dakota, I used
baited swim-in traps (Hunt and Dahlka 1953) and rocket nets (Dill and Thornsberry
1950) and night-lighting techniques (Lindmeier and Jessen 1961) to capture male and
female pre-fledge (flightless and locally reared) and post-fledge (hatch-year) juvenile
mallards. I also used a modified drive trapping technique (Cowan and Hatter 1952) to
gently push juvenile mallards to shore and capture them by hand when they stopped
inside the vegetation line. I captured male and female juvenile mallards in South Dakota
exclusively via baited rocket nets at established SDGFP preseason banding sites. Capture
in South Dakota resulted in a sample comprised entirely of post-fledge hatch-year
mallards. All marked mallards were ≥640 g to ensure the transmitters were ≤5% of
mallard body mass (Fair et al. 2010), but mallards grow rapidly during the post-fledging
period and I estimated that transmitters would be <3% of mallard body mass for most
individuals within weeks of capture. Mallards marked before fledging weighed 640–1080
g and mallards marked after fledging weighed 741–1330 g.
There were potential differences in sample independence between North and
South Dakota mallards, despite having controls in place to maximize independence.

7

Greater geographic spread and capture flexibility in North Dakota allowed me to set rigid
sampling constraints; I marked ≤2 flightless individuals and <5 fledged individuals per
wetland. Juvenile mallards in South Dakota were captured at seven predetermined sites. I
assumed that the likely natural mixing of flighted individuals, pseudorandom capture
efficacy of rocket nets (i.e., the net capturing a fraction of individuals using the bait),
random selection of males and females from each capture event, and the geographic
spread of the sample allowed me to assume independence between individuals marked in
South Dakota.
Transmitter Technology and Attachment
Early telemetry studies used transmitters that emit a signal on the Very High
Frequency civilian bandwidth (VHF telemetry). Using VHF telemetry for wildlife
research requires intensive human effort to collect locations, limits the number of
individuals that can be tracked, is prone to location error, and is inefficient for locating
highly mobile individuals. The development of transmitters that gather locations using
the global positioning system (GPS) satellite array have resulted in reductions in the time
and personnel required to track individuals, enabling data collection at large spatial and
temporal scales. GPS transmitters were ideal for this study because they allowed for
marking a large sample of mallards and easily collected locations across North America.
Abundant evidence supports the use of abdominally implanted transmitters for
waterfowl over other methods. Backpack harnesses and subcutaneous prong and suture
attachments can increase comfort movements (i.e., actions such as stretching, preening, and
bathing that are used for general maintenance; McKinney 1965), decrease feeding times,
alter breeding behaviors, and possibly cause aversion to swimming (Gilmer et al. 1974,
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Greenwood and Sargeant 1973, Pietz et al. 1993, Ward and Flint 1995). Harnesses can also
cause abnormal feather wear, skin abrasions, inflammation, and weight loss in mallards
(Greenwood and Sargeant 1973). Dorsally mounted telemetry units are often solar-powered
and relatively high profile to keep solar panels from being obstructed by feathers. The size
and position of dorsally mounted transmitters can negatively impact the aerodynamics and
energetic costs of flight (Hupp et al. 2015). Korschgen et al. (1996) detected mild to
moderate histological reactions in captive mallards with implanted transmitters, but no
behavioral or physiological issues. Black-tailed godwits (Limosa limosa; Hooijmeijer et al.
2014) and common eiders (Somateria mollissima; Latty et al. 2010) have exhibited
behavioral and physiological changes attributed to implanted transmitters. However,
similar abdominal implants have been used successfully in lesser scaup (Aythya affinis;
Herring and Collazo 2005, Schummer et al. 2018), harlequin ducks (Histrionicus
histrionicus; Iverson and Esler 2006), canvasbacks (Aythya valisineria; Olson et al. 1992),
black scoters (Melanitta americana; Loring et al. 2014), and Canada geese (Branta
canadensis; Hupp et al. 2006) to address a range of ecological and behavioral questions.
Each of these studies presented limited or no evidence of detrimental effects due to the
implanted transmitters.
I used 32 g Ornitrack intracoelomic GPS transmitters with percutaneous antennae
(Ornitela, UAB, Vilnius, Lithuania) that transmit data via Global System for Mobiles
(GSM) and Global Packet Radio Service (GPRS) third generation (3G) cellular networks.
These units were suitable to conduct mallard research because of their ability to collect and
store high-frequency location data from a continental spatial extent. Upon capture, mallards
were transported <1.5 hours to surgical sites. Licensed veterinarians anesthetized mallards
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using 3% isoflurane and administered <2 mg/kg of butorphanol and bupivacaine as local
and general analgesics. Mallards were intubated, and breathing and heart rates were
monitored throughout surgeries. Isoflurane was reduced to 2% after initial anesthetization
and gas-sterilized transmitters were implanted in the right-dorsal portion of the abdominal
cavity through a small incision ~3 cm long above the cloaca. Mallards were given 20 mL of
warmed saline solution at the end of surgeries to maintain desired body temperatures and
facilitate quicker recoveries. Mallards were monitored and held in a dark, quiet location to
minimize stress for ≥1 hour before being transported to capture wetlands for release. In
addition to transmitters, mallards were equipped with standard size 7A USGS aluminum
leg bands and auxiliary leg bands with instructions and contact information for reporting
harvested birds to NDGF or SDGFP. All capture, handling, banding, and implantation
surgeries followed protocols approved by South Dakota State University’s Institutional
Animal Care and Use Committee (Approval #18-048A) and were permitted by the USGS
Bird Banding Lab, SDGFP, and NDGF.
Research Objectives and Thesis Direction
Within this thesis, I will meet two primary objectives aimed at gaining a more
comprehensive understanding of juvenile mallard habitat selection and movements
during the post-fledging period. In Chapter 2, I evaluate the effects of wetland
characteristics, surrounding land cover, indices of human disturbance, and mallard
demographics on wetland and local-scale habitat selection. Results of Chapter 2 are
intended to inform habitat conservation in the PPR to ensure managers are meeting the
needs of mallards at all life stages. In Chapter 3, I characterize the distance, direction, and
timing of juvenile mallard movements and assess how habitat characteristics, hunting
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seasons, weather, and innate mallard tendencies may explain variation in post-fledging
relocations. Chapter 3 also provides insights into juvenile mallard distributions in the
PPR before and during hunting seasons and addresses challenges of improving duck
hunter opportunity, success, and satisfaction on a changing landscape. Chapters 2 and 3
are intended as stand-alone manuscripts for publication.
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CHAPTER 2. SELECTION OF WETLAND AND LOCAL HABITAT FEATURES BY
JUVENILE MALLARDS DURING THE POST-FLEDGING PERIOD
Abstract
Understanding the risks and advantages associated with resource selection
strategies of waterfowl is integral to successful conservation and management. This may
be especially important in the Prairie Pothole Region (PPR) of North America due to
extensive degradation of wetlands and grasslands that provide critical resources for
nesting, brood-rearing, molting, and staging waterfowl. Although mallards (Anas
platyrhynchos) have been the most heavily-studied waterfowl species in the world, little
is known about juvenile mallards (Anas platyrhynchos) during the post-fledging period
leading up to migration. I monitored 125 juvenile mallards marked with intracoelomic
satellite transmitters in North and South Dakota during the late summers of 2018–2019
and evaluated resource selection tradeoffs related to wetland and local-scale habitat
characteristics and disturbance. I evaluated competing habitat selection hypotheses by
using 8,269 diurnal and 6,782 nocturnal habitat choice sets to fit Poisson Generalized
Linear Mixed Models. All wetland models outcompeted local-scale models for diurnal
and nocturnal habitat selection. The relative use of wetlands increased by 10% for every
10% increase in shoreline complexity for day and night locations. Nocturnal habitat
selection results identified a positive relationship between surface water area and relative
proportion of use that was 1.5 times greater on weekends than weekdays, suggesting
human disturbance played a role in nocturnal habitat selection by juvenile mallards
during the post-fledging period. Finally, juvenile mallards selected lacustrine wetlands
3.4 times more than the least-selected wetland class (temporary wetlands). Despite
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lacustrine wetlands being most-heavily selected, semipermanent and seasonal wetlands
received the most use across years and diel periods. My results illustrate the value of
wetland diversity for juvenile mallards in the PPR. Because lacustrine wetlands are the
least threatened wetland class, conservation priority should be given to seasonal and
semipermanent wetlands that are most threatened by anthropogenic modifications and the
expected increases in precipitation in the southeastern PPR.
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Introduction
Selection of habitats (resources and conditions that allow animals to meet lifehistory needs; Hall et al. 1997) occurs by a hierarchy of decision making. The concept of
hierarchical habitat selection suggests that animals are first restricted to or select broad
geographic regions, followed by home ranges, habitat elements within home ranges, and
microscale resources (Johnson 1980). These decisions are intended to maximize lifetime
fitness and for non-breeding periods would include maximizing foraging efficiency and
minimizing energy expenditure, competition, and risk (MacArthur and Pianka 1966,
Brown 1988). Landscapes with diverse and spatiotemporally heterogeneous resources,
such as the Prairie Pothole Region (PPR) of North America, offer copious options for
wildlife to balance risks and advantages when selecting habitats (Herfindal et al. 2012).
Understanding the costs and benefits of habitat selection for a species of interest is
integral to successful conservation and management.
The PPR is colloquially known as the “Duck Factory” because this area supports
over 20 million breeding ducks each spring and provides vital resources for broodrearing, molting, post-fledging, and staging (Baldassarre 2014, USFWS 2019). Since the
mid-1800s, conversion to row crop, fragmentation, overgrazing, and invasion by
nonnative plant species have degraded grasslands used by upland-nesting waterfowl
(Wimberly et al. 2018). Further, extensive wetland drainage has eliminated an estimated
60% of prairie wetland acres that are critical for breeding adults and ducklings (Dahl
2014). Anthropogenic modifications to the landscape often result in more permanent and
less productive waterbodies (Dahl 2014, Krapu et al. 2018, Johnston and McIntyre 2019),
an issue exacerbated by increasing precipitation in the southeastern PPR since the mid-

23

1900s (Millett et al. 2009, Niemuth et al. 2014). Habitat in the PPR has been declared a
top conservation priority due to continued land conversion and the negative impacts of
habitat degradation on continental waterfowl populations (NAWMP 2012).
The mallard (Anas platyrhynchos) is the most abundant and, arguably, the most
important waterfowl species in the PPR. Mallards are often a preferred target species by
waterfowl hunters, a group that contributes billions of dollars annually to the United
States economy in hunting-related gear and tourism (Carver 2015). Additionally,
abundance and recruitment estimates of the midcontinent mallard stock (i.e., those
breeding in the PPR and Great Lakes Region) drive the Adaptive Harvest Management
regulatory framework in the Central and Mississippi administrative flyways (USFWS
2021). Conservation of breeding habitats used by North American mallards has
implications that extend beyond the PPR. The socioeconomic impact of mallards in North
America demands conservation of critical habitats needed to complete all stages of the
mallard annual cycle.
Waterbird abundance, biodiversity, and space use are closely associated with
availability, arrangement, and characteristics of wetlands on the landscape (Weller and
Spatcher 1965, Fredrickson and Reid 1988, LaGrange and Dinsmore 1989, O’Neal et al.
2008). Wetlands with an equal ratio of open water and interspersed emergent vegetation
support the greatest abundance and diversity of waterfowl and other avifauna (i.e., hemimarsh concept; Weller and Spatcher 1965). Additionally, wetland area and class
(determined by water permanency and vegetation characteristics) are some of the most
reliable predictors of waterfowl habitat use and abundance (Krapu et al. 1997, Webb et
al. 2010, Beatty et al. 2014). At a broader scale, waterfowl often use complexes of nearby
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wetlands with diverse forage and cover types (Dwyer et al. 1979, Fredrickson and Reid
1988, Pearse et al. 2012, Tidwell et al. 2013). These resource preferences result from
variation in how unique habitat types meet the energy and security requirements of
waterfowl.
Waterfowl switch habitats and target new foraging resources to meet nutritional
needs brought on by physiological and environmental changes (Hochbaum 1944,
Baldassarre et al. 1983, Frazer et al. 1990, Krapu et al. 1997). During the winter, mallards
often target high-energy food sources (e.g., 62% agricultural waste grain and 97%
combined plant material in Nebraska; Jorde et al. 1983) beneficial for thermoregulation,
daily maintenance, and courtship. Female mallards transition to high-protein diets in the
spring (e.g., 72% macroinvertebrates in ND; Swanson et al. 1985) to meet the nutritional
demands of egg production, and select wetlands to optimize foraging potential (Krapu et
al. 1997). Adult males also forage more heavily on invertebrates in the spring (e.g., 38%
macroinvertebrates; Swanson et al.1985), but to a lesser extent than females. Further,
ducklings demonstrate fine temporal transitions in resource use that coincide with
changes in bill morphology, body size, and foraging experience (Chura 1961, Collias and
Collias 1963). Well-documented transitions in resource selection by waterfowl highlight
the need for a comprehensive evaluation of dynamic resource requirements across all
mallard life stages. A myriad of studies of adult and duckling mallard ecology currently
inform habitat conservation; however, few studies have assessed the needs of juvenile
mallards as they undergo unique physiological changes during the post-fledging period
(Stafford et al. 2014).
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Beyond the challenges of learning to fly and becoming independent, juvenile
mallards remain vulnerable to natural threats and are exposed to waterfowl hunters for
the first time during the post-fledging period. Many studies have noted the negative
impacts of disturbance on waterfowl behavior (LaGrange and Dinsmore 1989, Korschgen
and Dahlgren 1992, Dooley et al. 2010a, Szymanski et al. 2013, Dinges et al. 2015).
Sustained vulnerability to natural and anthropogenic threats adds to the pressure of
procuring enough resources for flight feather growth, daily energetic demands, and
accumulation of lipid stores for migration; thus, juvenile mallards likely require
particularly diverse resources during the post-fledging period. Consequently, my
objectives were to assess the unique habitat selection behaviors of juvenile mallards as
they relate to wetland and local characteristics and human disturbance and to inform
conservation in the PPR to best support waterfowl of all ages and life stages.
Study Area
The PPR is an approximately 800,000 km 2 area of North America that includes
parts of five U.S. states and three Canadian provinces. The region is characterized by
millions of depressional wetlands that were formed by retreating ice sheets of the
Wisconsin Glaciation ~12,000 years ago (Leitch 1989). Wetlands in the PPR may be
permanently flooded, inundated for brief periods each year, or dry for many years before
holding water (Stewart and Kantrud 1971). Seasonal and annual wetland dynamics
contribute heavily to the region’s high waterfowl production (Stewart and Kantrud 1973).
The surrounding uplands were historically comprised of large tracts of tall-, short-, and
mixed-grass prairies, but are now a mix of row crop and native and nonnative herbaceous
perennial cover (Wimberly et al. 2018). My study area included approximately 290,000
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km2 of the U.S. PPR north and east of the Missouri River in the Dakotas and western
Minnesota. However, mallard capture and marking were concentrated in southeastern
North Dakota and northeastern South Dakota (Figure A1).
Methods
Mallard Capture and Data Preparation
I captured and marked 72 male and 65 female juvenile mallards from 2–30
August 2018 and 16 July–30 August 2019. Flightless and recently fledged mallards were
captured using baited swim-in traps (Hunt and Dahlka 1953) and rocket nets (Dill and
Thornsberry 1950), and by night-lighting (Lindmeier and Jessen 1961). I also captured
flightless mallards using a modified drive trapping technique (Cowan and Hatter 1952),
whereby a juvenile mallard pushed gently by a boat would run onto shore and flatten
itself to the ground immediately inside the vegetation line, allowing capture crews to
approach and catch individuals by hand. I banded mallards with standard size 7A USGS
aluminum leg bands and auxiliary leg bands to provide reporting information to hunters,
collected morphological measurements, and confirmed candidate mallards were ≥640 g
(≤5% of mallard body mass; Fair et al. 2010). Wildlife veterinarians examined mallards
for physical injuries or deformities that would preclude individuals from receiving
telemetry units. Veterinarians anesthetized mallards using 3% isoflurane and administered
analgesics butorphanol and bupivacaine (<2 mg/kg total) before implanting gas-sterilized
32 g Ornitrack transmitters with percutaneous antennae (Ornitela, UAB, Vilnius,
Lithuania). Mallards were held ≥1 hour before being released on capture wetlands. All
mallard trapping, handling, and surgical procedures followed protocols approved by South
Dakota State University’s Institutional Animal Care and Use Committee (Approval #18-
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048A) and were permitted by the USGS Bird Banding Lab, South Dakota Game, Fish,
and Parks (SDGFP), and North Dakota Game and Fish Department (NDGF).
Transmitters collected location data using the Global Positioning System (GPS)
satellite array and transmitted data via Global System for Mobiles (GSM) and Global
Packet Radio Service (GPRS) third generation (3G) cellular networks. I implemented
geofences to collect 4–9 locations per 24 hours while individuals were ≥42º N latitude
and 1–7 locations per 48 hours while individuals were <42º N latitude. I censored 14 days
of location data post-release for juvenile mallards that were caught on unbaited sites. The
two-week censor period minimized the probability that habitat selection evaluations
occurred on locations collected before mallards had fully recovered from implantation
surgeries, returned to normal behavior patterns, or gained the ability to fly. Moreover,
many sites were artificially baited to assist capture efforts, which may affect use at those
sites. Therefore, I censored data until 10 days after bait removal on baited sites, following
federal regulations on hunting previously baited sites (USFWS 1999).
I identified post-fledging locations as those collected between an individual being
marked and migrating and included only post-fledging locations in habitat selection
analyses. Based on observed changes in marked mallard behavior, I identified the start of
migration as movements >50 km, at bearings from 90-270º, occurring after 1 October,
and not returning along the same trajectory in autumn. I assigned post-fledging locations
to diurnal and nocturnal periods; locations collected from the start of nautical twilight in
the morning (~30 minutes before sunrise) to the end of nautical twilight in the evening
(~30 minutes after sunset) were considered daytime locations. I did not consider a
crepuscular period (period between astronomical twilight [center of the sun is 18º below
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the horizon] and civil twilight [center of the sun is 6º below the horizon]) because <5% of
locations were collected at dawn and <1% of locations were collected at dusk. I excluded
a small sample of locations for which I was unable to remotely collect habitat data due to
local cloud cover in Landsat imagery. Wetlands were often detected being used for >1
consecutive location, so I included the first location used by an individual on a wetland
during each diurnal and nocturnal period in habitat selection analyses. Individuals
typically used 1–2 unique wetlands per diel period (median = 1, range = 1–5). I did not
eliminate repeated use of the same wetland across days or diel periods because mallards
were capable of flight and I assumed mallards re-selected wetlands each time they
returned during a new diurnal or nocturnal period.
Availability Sampling
Conclusions from habitat selection analyses can depend on how available habitat
is defined and sampled (Johnson 1980, Hall et al. 1997). A juvenile mallard’s ability to
procure resources might vary by age, flight feather development, or experience. Step
selection functions (SSF) are a useful method for estimating habitat availability because
observed step lengths and turn angles can be used to set reasonable constraints when
identifying available habitat (Avgar et al. 2016). Additionally, SSFs relax the assumption
that locations are independent, making them ideal for high-frequency autocorrelated
location data (Avgar et al. 2016, Signer et al. 2019). I considered all wetlands within 10
km of a used wetland to be available to juvenile mallards because ~10 km was the 95 th
percentile of post-fledging step lengths >100 m and the observed distribution of turn
angles was approximately uniform. I randomly selected 9 available wetlands from within
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314 km2 areas centered on each used wetland to compile unique discrete choice sets
(Signer et al. 2019).
Habitat Selection Scales
Waterfowl respond to habitat features at multiple spatial scales (Johnson 1980,
Webb et al. 2010, Pearse et al. 2012, Beatty et al. 2014), so I modeled selection of
wetlands and local-scale habitat features. Wetland selection considered characteristics of
individual wetland basins, with covariate values specific to used or available wetlands. I
used the median movement distance of 1.4 km to inform the local-scale focal analyses. I
created 1.4-km buffers around each sample wetland to estimate local-scale habitat
selection covariates for 6.2-km2 focal areas.
Habitat Covariates
Much of the southern PPR received above-average precipitation in 2019, resulting
in a disparity in wetland conditions between the 2018 and 2019 post-fledging periods. I
was precluded from collecting or ground-truthing surface water data due to the broad
spatial and temporal extents of the study, lag time between data collection and
transmission, and the number of unique surface waterbodies used by marked mallards. I
assumed that static wetland data would inadequately represent water availability,
especially in 2019. Estimating time-specific surface water distributions from Dynamic
Surface Water Extent products (DSWE, Earth Resources and Observation Science
Center) provided a potential solution. The DSWE products were estimated from Surface
Reflectance data collected by Landsat 7 and Landsat 8 satellites at 30-m spatial
resolutions (USGS 2019). All product scenes that overlapped the study area and were
collected during the post-fledging periods of 2018 and 2019 were downloaded from

30

USGS EarthExplorer (https://earthexplorer.usgs.gov/). I reclassified, quality-checked,
and combined raw DSWE scenes using ArcMap 10.7.1 (Environmental Systems
Research Institute, Redlands, CA).
Malfunction of Landsat 7 satellite components resulted in rows of missing data
across scenes; when combined with cloud cover and shadow, extensive misclassification
of low confidence water occurred. Thus, I excluded many Landsat 7 scenes with
prevalent misclassification from final wetland layers. Further, moderate to heavy cloud
shadow resulted in similar misclassification errors in Landsat 8 scenes, so I excluded all
scenes with >90% cloud cover and clipped cloud edges from scenes with obvious error
patterns. Snow, ice, and frost caused extensive false inclusion of low confidence surface
water, so I reclassified low confidence surface water as no water for all scenes collected
in November. I identified and verified suspected misclassification patterns by visual
examination of raw Landsat 7 and 8 imagery. Additionally, a comparison of DSWE and
National Agricultural Imagery Program imagery collected in July 2019 (Farm Service
Agency) demonstrated that low confidence water corresponded to vegetated wetlands
when cloud cover and ice were absent. Accordingly, I reclassified all remaining mediumhigh and low confidence water into one water class. I combined scenes that passed the
quality-control process into final DSWE composites for each month and year of the postfledging periods.
I joined DSWE composites with modified National Wetlands Inventory (NWI)
data to assign a wetland class to each surface water tract based on the most permanent
water regime within the wetland boundary (Reynolds et al. 1996). Wetlands in the study
area were classified as temporary, seasonal, or semipermanent palustrine wetlands,
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lacustrine wetlands, or riverine wetlands (Stewart and Kantrud 1971, Cowardin et al.
1979). Palustrine systems refer to wetlands that are relatively small (<8 ha) and shallow
(<2 m) and are often dominated by persistent emergent vegetation. Temporary, seasonal,
and semipermanent modifiers further describe palustrine emergent wetlands based on
water permanency. Temporary palustrine wetlands are briefly flooded during the early
growing season and may include wetland and upland vegetation communities. Seasonal
palustrine wetlands hold water longer than temporary wetlands, but are frequently dry by
the end of the growing season. Semipermanent palustrine wetlands are inundated for the
duration of the growing season and often hold some water year-round. Lacustrine
wetlands include depressions or dammed river channels that are >70% open water and
are often >8 ha in size. Wetlands <8 ha may be classified as lacustrine if water depth is
>2 m at low water. Lacustrine wetlands can be highly variable in size and condition and
include deep excavated ponds <8 ha in size, relatively small, deep wetlands with narrow
borders of emergent vegetation, and large recreational lakes. Riverine systems include
wetlands and deep water within natural or created channels that contain permanent or
intermittent water flowing between two standing waterbodies. In this study, riverine
wetlands included permanently flooded rivers (e.g., Big Sioux and Missouri Rivers),
small intermittent streams, and emergent wetland habitats adjacent to riverine systems
during periods of flooding. All other water was considered unclassified and may have
included wetlands not mapped for the NWI or surface water from wetland drainage or
precipitation that was not associated with a mapped wetland.
I estimated surface water area and wetland perimeter for individual wetlands from
monthly DSWE composites. Area and perimeter estimates were used to calculate a
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shoreline development index (SDI) for all wetlands. The SDI is the ratio of the perimeter
of a wetland to the circumference of a circle of equal area, given by the equation SDI =
√

where L is the length of shoreline and A is the wetland area (Aronow 1982). The

minimum possible SDI value is 1 (perfect circle) and values of SDI increase with
shoreline complexity. I also calculated total surface water area and total surface water
area of temporary and seasonal wetland classes individually. Finally, I estimated isolation
of individual wetlands by calculating the Euclidean distance from the edge of each
wetland to the edge of the nearest neighboring wetland.
I derived covariates for wetland and local selection analyses that described
surrounding land use and cover. I calculated the Euclidean distance from each sample
wetland to the edge of the nearest road and total linear kilometers of road in 6.2-km 2
focal areas to assess the potential for vehicle disturbance and ease of hunter access
(Topologically Integrated Geographic Encoding and Referencing/Line Road Census, U.S.
Census Bureau). The 2016 National Land Cover Database (NLCD) classifies the
contiguous U.S. into 16 land cover classes at a 30-m spatial resolution. I reclassified the
NLCD to merge ecologically similar land cover classes; derived cover classes for these
analyses included row crop, herbaceous perennial cover (grasslands, pasture, and hay),
woody, developed, and water, but only values of row crop and herbaceous cover were
included in models (Table A1). I calculated the proportion of total upland area comprised
of row crop and herbaceous perennial cover in 6.2-km2 focal areas.
Analytical Approach
I used an information-theoretic approach (Burnham and Anderson 2002) to
incorporate wetland and local habitat covariates into candidate sets of models (Table 2.1).
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I developed models to assess the relative explanatory power of wetland and local
foraging potential, wetland structure, local wetland density, wetland and local disturbance
potential, and local prospecting on habitat selection of telemetered juvenile mallards.
Pairs of covariates with Pearson correlation coefficients of |r| > 0.6 were not included
together in models. In addition to the models evaluating the hypotheses described below,
I included global wetland and local-scale selection models with all covariates in the
candidate set.
Wetland foraging potential.– Food availability varies by wetland classes in the
PPR, with temporary and seasonal wetlands often being the most productive (Swanson et
al. 1974, Krapu et al. 1997). The NWI assigns static wetland classes based on historical
patterns of inundation and water permanency and does not account for annual variation in
wetland conditions (Niemuth et al. 2010). I suspected that wetlands had different foraging
potential due to dissimilar wet conditions in 2018 and 2019, so I interacted wetland class
variables with year. Further, Svingen and Anderson (1998) recorded broods selecting
ponds with complex shorelines (SDI > 1.5) and asserted that sheltered, shallow-water
foraging opportunities may have been particularly attractive to vulnerable ducklings.
Finally, mallards use complexes of wetlands with diverse forage types in small
geographic areas (Tidwell et al. 2013) and juvenile mallards may have limited mobility
early in the post-fledging period, so I included Euclidean distance to the nearest
neighboring wetland (WetDist) as a measure of isolation and accessibility.
Local foraging potential.– Mallards forage in cropland during migration and
winter when energy-rich waste grain is consumed to fuel migration flights and costs of
thermoregulation (Baldassarre et al. 1983, Jorde et al. 1983). I predicted that more
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harvested cropland would be available for mallards to forage in as the post-fledging
period progressed and the desire for high-energy forage would increase as migration
approached. Thus, I considered models with an interaction between proportion of upland
comprised of crop and a continuous variable for week (pCrop×Week) to determine if
selection for local areas with cropland increased during the post-fledging period.
Temporary and seasonal wetlands are often the most productive wetland classes with
greatest foraging potential for young ducks, so I estimated the total area of temporary and
seasonal wetlands in 6.2-km2 focal areas centered on sample wetlands. I interacted that
measure with year (TempSeas×Year) to account for differences in wetland conditions and
foraging potential between years.
Wetland structure.– Wetland class and wetland surface area are frequently
reported as some of the most important predictors of waterfowl use of wetlands
(LaGrange and Dinsmore 1989, Krapu et al. 1997, Reynolds et al. 2006, Walker et al.
2018). I included a structural wetland selection model evaluating the relative importance
of wetland type and size to juvenile mallards (Class+Area).
Wetland disturbance potential.– Ducks experience disturbance from a variety of
anthropogenic sources (Korschgen and Dahlgren 1992), but hunting is the biggest source
during the post-fledging period (Kirby et al. 1999). Waterfowl alter space use in response
to targeted and nontargeted hunting pressure (Dooley et al. 2010a, Szymanski et al. 2013,
Dinges et al. 2015). I included distance to the nearest road (RdDist) as an index of
potential vehicle disturbance and hunter access and predicted that road distance would
have a greater effect on the weekend (Wkend) due to increased recreational traffic (e.g.,
hunters, birders). Additionally, I predicted that wetlands with greater Area would offer
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mallards more protection or security from disturbance. I interacted Area and Wkend due
to the expected increase in disturbance on the weekends. I included RdDist×Wkend and
Area×Wkend in a model of the potential influence of disturbance on wetland selection.
Local disturbance potential.– I included total km of road within 6.2-km2 focal
areas (LinearRd) as a potential local-scale index of vehicle disturbance. Again, I
predicted that recreational traffic would be more abundant on weekends. I included an
interaction between LinearRd and Wkend in a model to evaluate local-scale disturbance
potential on juvenile mallard habitat selection.
Local prospecting.– Differences in male and female habitat use patterns have
been suggested for mallards (Kirby et al. 1989), American black ducks (Frazer et al.
1990), and ring-necked ducks (Roy et al. 2014). Such differences in patterns of habitat
selection may result from young females prospecting for potential nesting sites in autumn
prior to their first breeding season. Pair settling and selection of wetlands by pre-nesting
females in the spring are positively associated with high densities of temporary and
seasonal wetlands (Krapu et al. 1997). Additionally, mallards are predominately an
upland-nesting species that rely on the early cover provided by perennial herbaceous
vegetation. I included proportion of herbaceous perennial cover in the upland (pHerb)
and total area of temporary and seasonal wetlands (TempSeas) interacted with mallard
sex in a prospecting model to evaluate possible differences between male and female
juvenile mallard habitat selection (pHerb×Sex + TempSeas×Sex).
Local wetland density.– Mallards are often associated with complexes of diverse
wetlands in close proximity that offer a range of habitat options related to space, forage,
and shelter while minimizing the possible vulnerability and energy expenditure of
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moving long distances (Farmer and Parent 1997). Thus, I included a simple local-scale
selection model with a covariate for total surface water density (TotWetArea) in 6.2-km 2
focal areas centered on sample wetlands.
Model Selection
Muff et al. (2020) asserted that Poisson generalized linear mixed models
(GLMM) with large, fixed variances are the likelihood-equivalent of the conditional
logistic regression models often used to model habitat selection. I built Poisson GLMMs
using package glmmTMB in R version 4.1.2. I attempted running candidate models with
random slopes for individual mallards, but I eliminated random slopes due to persistent
nonconvergence. I used Bayesian Information Criterion (BIC) to evaluate relative model
strength because it penalizes increasingly complex models and may be advantageous
when modeling with large sample sizes (Ward 2008). I considered the model with the
least BIC value to be the best-approximating model in the candidate set, and models with
∆BIC ≤ 2.0 to be competing (Burnham and Anderson 2002). I evaluated the direction and
magnitude of relationships for parameters in the best-approximating and competing
models by calculating odds ratios and 85% confidence intervals, and considered model
parameters with confidence intervals overlapping 0 to be uninformative (Arnold 2010).
Results
I evaluated habitat selection using locations collected from 26 August–23
November 2018 and 30 July–30 November 2019 for 125 juvenile mallards marked during
the 2018 and 2019 post-fledging periods (Tables A2-A3). The sample included female
(56) and male (69) mallards captured in North Dakota (75) and South Dakota (50).
Mallards were estimated to be >5 weeks old when marked (Gollop and Marshall 1954)
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and weighed 640–1330 g. I extracted 8,269 diurnal and 6,782 nocturnal locations for
habitat selection analyses. Individual mallards contributed 66 ± 32 diurnal and 54 ± 25
nocturnal locations to the analyses (mean ± standard deviation). Mallards were detected
departing capture wetlands for the first time on median dates of 17 August 2018 and 16
August 2019. Median timing of first movements was similar for males and females, but
10 days later for mallards that were flightless when marked (25 August) than mallards
that had fledged before being marked (15 August).
Description of Habitat Features
Wetland habitat characteristics varied across wetland classes within and between
years of the study (Table 2.2). In 2018, lacustrine wetlands had the largest average
surface water area, followed by semipermanent, seasonal, and temporary wetlands.
Average wetland areas increased in 2019 by 276% (lacustrine), 98% (semipermanent),
59% (seasonal), and 244% (temporary). Shoreline complexity exhibited similar trends,
with lacustrine wetlands having the largest and temporary wetlands the smallest average
SDI in 2018. The trend in SDI was similar in 2019, but average shoreline complexity
increased for all wetland classes. The average distance to the nearest neighboring wetland
was <157 m for all wetland classes in both years, indicating most waterbodies were not
isolated. Similarly, the average distance to nearest road was similar across most classes
and ranged from 253–290 m for all classes except lacustrine wetlands. On average,
lacustrine wetlands were about half as far from roads (123 m) as the other wetland
classes. The proportion of upland composed of herbaceous perennial cover was greatest
for lacustrine and least for temporary wetlands in 2018 and 2019. Conversely, the
proportion of cropland in the surrounding upland was greatest for temporary and least for
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lacustrine wetlands in both years. The average proportion of herbaceous perennial
vegetation changed by ≤5% between 2018 and 2019, but average proportion of cropland
decreased by 8–22% for all wetland classes in the second year of the study. All habitat
covariate estimates were similar between the randomly selected sets of available wetlands
used for diurnal and nocturnal habitat selection analyses (Table 2.3).
Diurnal Habitat Selection
The model representing the wetland foraging potential hypothesis was the bestapproximating model of diurnal habitat selection (wi = 0.99; Table 2.4). The second-best
model was 8.6 BIC units from the best model and captured <1% of model weight. All
wetland hypotheses were more strongly supported than local-scale hypotheses predicting
diurnal habitat selection by juvenile mallards during the post-fledging period.
The best-approximating model of diurnal habitat selection (wetland foraging
potential) included covariates for shoreline complexity (SDI), wetland isolation
(WetDist), and NWI wetland classification interacted with year (Class×Year; Table 2.4).
Wetland class and shoreline complexity were better predictors of habitat selection than
wetland isolation; the 85% confidence interval about the parameter estimate for WetDist
included 0, indicating only a possible weak relationship was detected between wetland
isolation and juvenile mallard wetland selection (Table 2.5). SDI was positively
associated with juvenile mallard wetland selection; the relative proportion of use
increased by 10% for every 10% increase in SDI.
Juvenile mallards in 2018 were 3.4 times more likely to select lacustrine, 1.7
times more likely to select semipermanent, and 1.4 times more likely to select seasonal
than temporary wetlands. Selection of lacustrine over temporary wetlands was similar
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between 2018 and 2019, but selection of semipermanent over temporary wetlands was
relatively weaker in 2019 than 2018. Relative selection for seasonal wetlands slightly
decreased between 2018 and 2019. Juvenile mallards exhibited strong avoidance of
riverine wetlands during both years of the study. The relative availability of temporary
and seasonal wetlands increased from 2018 to 2019 (Table 2.6). The use to availability
ratio increased between years for temporary wetlands but was similar for seasonal
wetlands. The relative availability of semipermanent and lacustrine wetlands decreased
between 2018 and 2019; however, semipermanent and lacustrine wetlands were used in
greater proportions than available during both years of the study.
Nocturnal Habitat Selection
The best-approximating model of nocturnal habitat selection by juvenile mallards
was the wetland global model, which accounted for >99% of the nocturnal model weight
(Table 2.7). The wetland foraging potential hypothesis was the second-ranked model
(ΔBIC = 100) and captured <1% of model weight. As with the results of the diurnal
selection models, all wetland hypotheses were better supported than the local-scale
hypotheses.
Based on the best model of nocturnal wetland selection, I detected a positive
relationship between shoreline complexity and intensity of use; the relative proportion of
use increased by 10% for each 10% increase in SDI, the same relationship observed for
diurnal habitat selection (Table 2.5). There was also a modest 1% increase in relative
selection for every 50-m decrease in WetDist. I observed a weak and variable effect of
RdDist for nocturnal wetland selection on weekends and weekdays, as confidence
intervals about parameter estimates included 0. However, there was a measurable
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influence of the interaction of Area and Wkend on juvenile mallard nocturnal wetland
selection. The effect of area on juvenile mallard wetland selection was 1.5 times greater
on weekends than weekdays. Wetland class was also an important predictor of juvenile
mallard wetland selection, wherein selection was 1.2 times greater for seasonal, 1.3 times
greater for semipermanent, and 1.7 times greater for lacustrine than temporary wetlands
during nocturnal periods in 2018. I did not detect juvenile mallards using riverine
wetlands during the night in 2018. Relative selections of seasonal and semipermanent
wetlands were similar between the two study years, but relative selection of lacustrine
wetlands increased in 2019. The use to availability ratio of temporary wetlands was
similar in 2018 and 2019 (Table 2.6).
Discussion
The best-supported model of diurnal habitat selection represented the wetland
foraging potential hypothesis. Despite relatively strong support compared to other models
in my candidate set, this hypothesis was only partially supported when examining
direction and magnitude of parameter estimates. I expected distance to nearest
neighboring wetland to be an important predictor of diurnal selection because waterbirds
often use complexes of wetlands in close proximity that provide a suite of resources and
minimize energy expended on inter-wetland movements (Farmer and Parent 1997,
Tidwell et al. 2013, Webb et al. 2010, Pearse et al. 2012). However, model results
suggested there was limited effect of wetland isolation on juvenile mallard wetland
selection in this study. Wetlands in my study area were generally not isolated and there
may not have been enough variation in covariate values to show a substantial influence
on selection. My results supported those of O’Neal et al. (2008), who found that wetland
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isolation was not important in predicting waterbird abundance relative to wetland-level
hydrologic and vegetation characteristics.
I also predicted that juvenile mallards would select temporary and seasonal
wetlands over other wetland classes if the foraging potential hypothesis was supported
because temporary and seasonal wetlands are often shallow, productive waterbodies with
abundant forage that are preferred for brood-rearing. Interestingly, model results did not
support this prediction and lacustrine wetlands received the greatest relative selection.
Few studies have identified lacustrine wetlands as being an important wetland class for
dabbling ducks, but minimal research has evaluated juvenile waterfowl during the postfledging period leading up to migration. Whereas temporary, seasonal, and
semipermanent wetlands have all been cited as important wetland classes for young
ducklings, the benefits of these wetland types are often related to protective cover and
abundant forage. Recently fledged juvenile mallards may experience a shift in habitat
requirements in autumn that could influence the selection of lacustrine wetlands. For
example, Roy et al. (2014) observed ring-necked ducks moving to larger, less-disturbed
lakes through the post-fledging period as well as more frequently using staging lakes as
the season progressed. Mallards may also shift use to lacustrine wetlands to avoid
disturbance from hunters or intensifying agricultural activities. Alternatively, most
waterfowl become increasingly gregarious through late summer and early autumn as the
breeding period ends and birds prepare for migration. I was unable to evaluate the social
influences of habitat selection and movements by juvenile mallards, but it is plausible
that inexperienced young mallards selected lacustrine wetlands during the post-fledging
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period due to innate gregarious tendencies (e.g., following molting adults to large
waterbodies or joining large flocks of staging waterfowl).
There is considerable evidence from previous studies that wetland area is
positively associated with use by mallards and other waterbirds across seasons (LaGrange
and Dinsmore 1989, Krapu et al. 1997, Riffell et al. 2001, Reynolds et al. 2006, Walker
et al. 2013). Freezing temperatures beginning in October and intensifying into November
across much of the study area may have contributed to the observed wetland selection
patterns. Large, deep waterbodies, such as many lacustrine wetlands, have smaller
surface-to-volume ratios that slow cooling and allow them to remain unfrozen later into
the post-fledging period compared to temporary, seasonal, and semipermanent wetlands.
Additionally, larger wetlands may experience greater wind-driven wave action that can
assist in keeping portions of wetlands from freezing during cold temperatures. The likely
decrease in availability of temporary, seasonal, and semipermanent wetlands due to
freezing during the late post-fledging period may have forced juvenile mallards
remaining at more northern latitudes to use larger lacustrine wetlands because they
possessed the only available open water.
To help understand lacustrine wetland selection by juvenile mallards, I examined
aerial imagery and original NWI wetland classifications of 355 unique lacustrine systems
used 1,958 times by juvenile mallards during the post-fledging period. Lacustrine
systems are defined by Cowardin et al. (1979) as wetlands or deepwater habitats that
occur in topographic depressions or dammed river channels, have >70% open water, and
are usually >8 ha in size. Waterbodies <8 ha may also be classified as lacustrine wetlands
if water depth of any part of the wetland is >2 m at low water. Of the 355 used lacustrine
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wetlands, 329 (93%) were originally classified as lacustrine in the NWI or appeared on
imagery as large, open waterbodies (x̄ = 795 ha, range = 0.4–50,132 ha). An additional
3% of waterbodies classified as lacustrine wetlands were relatively small (x̄ = 5.0 ha)
dammed or excavated open water ponds, and 4% of waterbodies classified as lacustrine
wetlands may have been misclassified. Further work to ground-truth the classification of
lacustrine systems and characterize depth and vegetation structure is needed to
understand the potential benefits of lacustrine systems to juvenile mallards during the
post-fledging period.
The best-approximating model of nocturnal habitat selection was the wetland
global model, despite being the most complex (thus, most penalized by BIC) in the
candidate set. The direction and magnitude of parameter estimates in the global model
were similar to those estimated from the top diurnal model. Specifically, juvenile
mallards selected lacustrine wetlands over all other wetland types and selection for
wetlands with more complex shorelines was consistent across 24-hour periods. Evidence
from nocturnal models also suggested that anthropogenic disturbance may explain some
variation in juvenile mallard habitat selection. Results indicated a positive relationship
between wetland area and habitat selection on weekdays, but that relationship intensified
on weekends. Weekends are a human construct that is meaningless to mallards; thus, I
assert that anthropogenic factors were most likely to cause a change in habitat selection
from weekdays to weekends, driving mallards to use larger waterbodies. Hunting seasons
for waterfowl and many other game species open during the post-fledging period, and
hunting and related activities (i.e., scouting) are often concentrated on weekends when
hunters have additional time for recreation. In fact, Evans and Day (2002) reported
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greater shooting intensity by waterfowl hunters and a greater abundance of waterfowl
using refuges on weekends than weekdays. Others have demonstrated lower survival of
mallards on weekends than weekdays during the first few weeks of duck hunting seasons
(Davis 2007, Dooley et al. 2010b). Further, many non-hunting recreational activities
occur more often on weekends than weekdays, resulting in an overall greater level of
human disturbance. Unfortunately, I was unable to collect disturbance data due to the
vast temporal and spatial extents of the study, but future work would benefit from
incorporating a robust evaluation of hunting and non-hunting disturbance.
The relationship between SDI and habitat selection by juvenile mallards
supported my hypothesized relationship in the best-supported diurnal and nocturnal
models. However, the partial support of the associated diurnal and nocturnal hypotheses
suggested there might be reasons beyond foraging that SDI was an important predictor of
wetland selection. Wetland size, shape, and depth influence the amount of shallow water
habitat available for foraging and the quantity, quality, and juxtaposition of wetland
vegetation that provides cover (Cowardin et al. 1995, Reynolds et al. 2006). Mallards
may select relatively complex wetlands for increased security from natural predators, in
response to human disturbance, to take advantage of shallow-water foraging habitat, for
thermoregulatory benefits, or some combination of factors (Weller and Spatcher 1965).
Riffell et al. (2001) found a similar positive relationship between breeding mallards and
increased vertical and horizonal complexity in wet meadows. Others have found that
habitat complexity can be important to waterbirds at local and landscape scales
(Fredrickson and Reid 1988, Webb et al. 2010, Pearse et al. 2012). Further investigation
of waterfowl selection with ground-measured wetland characteristics (e.g., open water to
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vegetation ratios; vegetation height, density, and richness; island structure; etc.) would be
helpful for determining the aspects of complexity most attractive to waterfowl and the
reasons for their attractiveness.
Rivers in the PPR vary in size, complexity, and hydrology, from large systems
such as the Missouri and Red Rivers to narrow, intermittent streams between wetlands
that may be dry during drought. During the dry conditions of 2018, only stretches of
rivers with surface water were classified by the DSWE, resulting in small, disjunct
patches of water that were likely functioning as small palustrine wetlands rather than
rivers. Overflowing river banks and inundation of previously dry intermittent streams
may explain the estimated 2,000% increase in surface water area of rivers between 2018
and 2019. Due to these analytical anomalies and complexities, I recommend interpreting
the results of this study cautiously with respect to rivers. However, rivers comprised only
2% of the surface water available in sampled wetlands and any changes in results with
different river classifications would likely be inconsequential.
The substantial difference in availability of surface water in the study area
between the two years highlights the need to conserve a diversity of wetlands on the
landscape. The wetland classes used in these analyses were based on the average
historical conditions recognized by the NWI. However, wetland classes, like wetlands,
are often dynamic; seasonal, annual, or persistent changes to wetlands can alter how they
function (Dahl 2014, Krapu et al. 2018, Johnston and McIntyre 2019). Water depth and
vegetation determine the resources that are available to and accessible by waterfowl.
Seasonal wetlands may be inundated less frequently, functioning as temporary wetlands
in areas that are predicted to experience a long-term decrease in precipitation due to
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climate change. Conversely, seasonal wetlands may become semipermanent wetlands
with wetland consolidation from agricultural tile drainage (Claassen et al. 2011,
McCauley et al. 2015) or long-term increases in precipitation (Millett et al. 2009,
Niemuth et al. 2014, Wimberly et al. 2017). Maintaining high densities of diverse
wetlands on the landscape may mitigate the impacts of climate change as variability in
precipitation and other environmental factors increases (Kraup et al. 1997, Niemuth et al.
2014).
All wetland selection models performed better than local-scale selection models
for diurnal and nocturnal locations. This might suggest that wetland characteristics are
more important to mallards than surrounding land use characteristics when making
habitat selection decisions. However, I only evaluated one local scale (6.2 km 2), which I
based on the observed movement step lengths (median = 1.4 km) of juvenile mallards in
my study and the assumption that recently fledged mallards would be less mobile than
adults. However, it is possible that the scale I used was too small to provide variability or
meaningful information about juvenile mallard habitat selection in relation to landscape
characteristics when 6.2-km2 focal areas were centered on large sampled wetlands.
Although the local scale I selected was informed by empirical movement data, I propose
that future research explore multiple local scales as others have done (Stephens et al.
2005, Pearse et al. 2012, Beatty et al. 2014, Mezebish et al. 2021).
Loss of wetland and grassland habitats are two of the biggest threats to the
estimated 20 million waterfowl that breed in the PPR each year (Doherty et al. 2013).
Breeding habitat in the region has changed greatly over the last century and those
changes, largely driven by human use and climate change, are likely to continue. It is
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obvious that ducks need wetlands to thrive, but my results are some of the first indicating
the potential importance of lacustrine wetlands in the PPR for dabbling ducks. I detected
strong nocturnal and diurnal selection of lacustrine wetlands by juvenile mallards during
the post-fledging periods of 2018–2019. Perhaps mallards sought lacustrine wetlands
because they were less disturbed roosting sites or were attracted to lacustrine wetlands by
large groups of conspecifics. Regardless of the mechanisms of lacustrine wetland
selection, improving overall quality of lacustrine systems in the PPR could be beneficial
for waterfowl as the landscape continues to change.
Large wetlands and lakes are generally low priority for conservation planners, as
recreational value and logistic challenges generally make these wetlands poor candidates
for draining or filling. Implementing management practices on small portions of these
waterbodies may be more feasible and effective; in the past, habitat improvements have
been made to large wetland ecosystems by controlling invasive species (Patten and
O’Casey 2007, Lishawa et al. 2020). Two species of invasive cattails (Typha x glauca
and T. angustifolia) were established in the PPR as early the 1950s and became the most
dominant emergent wetland obligates by the 1970s (Kantrud 1992, Galatowitsch and van
der Valk 1994). Invasive cattails can form dense monocultures and exclude diverse native
plant communities that produce or support production of high-quality duck forage (i.e.,
seeds, tubers, aquatic invertebrates; Stoudt 1944, Stafford et al. 2011). Improving nearshore, shallow-water areas in lacustrine systems in the PPR through invasive cattail
removal could benefit juvenile and adult waterfowl by providing valuable foraging
resources near safe loafing and roosting sites. Additionally, common carp (Cyprinus
carpio) removal from small, shallow lacustrine systems may be a feasible option for
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improving water quality and encouraging growth of submerged aquatic vegetation and
duck use (Hanson and Butler 1994, Bajer et al. 2009).
Although juvenile mallards showed relatively strong selection for lacustrine
wetlands in my study, seasonal and semipermanent wetlands were the most used wetland
classes in both years, and semipermanent wetlands were used in greater proportion than
available (Figures 2.1–2.2). This suggests that seasonal, semipermanent, and lacustrine
wetlands all benefited post-fledging juvenile mallards in the PPR. Availability of
foraging resources in each of these wetland classes was not estimated for this study, but
past research has reported larger lacustrine wetlands to be less productive than seasonal
and semipermanent wetlands (Swanson et al. 1974, Krapu et al. 1997). Because loss of
lacustrine systems is less likely than loss of smaller seasonal and semipermanent
wetlands, conservation planning should prioritize these high-risk wetland classes that
remain critical to and are heavily used by mallards for nesting, brood-rearing, fledging,
molting, and staging.
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Figure 2.1. Wetland class proportions of used and available diurnal locations, North and
South Dakota, 2018–2019.
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Figure 2.2. Wetland class proportions of used and available nocturnal locations, North
and South Dakota, 2018–2019.

Table 2.1. Model set, associated hypotheses, and predicted relationships for juvenile mallard habitat selection during the post-fledging
period in North and South Dakota, 2018–2019.
Model
Wetland Foraging Potential
Wetland Structure

Model Termsa
Class×Year
SDI
WetDist
Area
Class

Predictions
Mallards select temporary and seasonal wetlands with greater shoreline complexity and
with closer neighboring wetlands
Mallards select wetlands based on physical structure

Wetland Disturbance Potential

RdDist×Wkend
Area×Wkend

Mallards select larger wetlands farther from roads, especially on weekend days when there
is more potential for disturbance

Local Foraging Potential

TempSeas×Year
pCrop×Week

Mallards select local areas with greater densities of temporary and seasonal wetlands that
may offer better forage and with accessibility to high-energy waste grain in harvested
cropland

Local Wetland Density
Local Disturbance Potential
Local Prospecting

TotWetArea
LinearRd×Wkend
pHerb×Sex
TempSeas×Sex

Mallards select local areas with more water
Mallards select local areas with lower potential disturbance due to limited road access,
especially on weekend days
Female mallards select local areas with more temporary and seasonal wetlands surrounded
by herbaceous perennial cover as they prospect for potential future breeding habitats

a

Class = categorical variable for wetland class indicating water permanency (lacustrine, riverine, semipermanent, seasonal, or temporary wetland); Year =
2018 or 2019; SDI = index of shoreline deviation from a perfect circle; Area = surface area of individual wetlands (ha); RdDist = Euclidean distance from
wetland edge to nearest road (m); WetDist = Euclidean distance from wetland edge to edge of nearest neighboring wetland (m); Wkend = indicator of
locations being collected on weekends (1) or weekdays (0); TempSeas = total area of temporary and seasonal wetlands in 6.2 km2 (ha); pCrop = proportion of
upland that is crop in 6.2 km2; pHerb = proportion of upland that is herbaceous cover in 6.2 km2; TotWetArea = total surface water area in 6.2 km2 (ha);
LinearRd = linear kilometers of road in 6.2 km2; Week = continuous variable for chronological week through the post-fledging period starting 1 August
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Table 2.2. Summary statistics for wetland covariates by class and year (mean ± standard deviation).

SDI
2018
2019
Area (ha)
2018
2019
RdDist (m)
2018
2019
WetDist (m)
2018
2019
pCrop
2018
2019
pHerb
2018
2019

Temporary

Seasonal

Semipermanent

Lacustrine

Riverine

1.38 ± 0.36
1.60 ± 1.08

1.42 ± 0.35
1.53 ± 0.79

1.62 ± 0.56
1.82 ± 1.23

2.66 ± 1.69
3.89 ± 5.15

1.53 ± 0.60
1.89 ± 2.22

1.55 ± 8.81
5.33 ± 38.79

2.18 ± 7.90
3.46 ± 43.81

12.55 ± 70.15
24.89 ± 172.61

290.27 ± 687.60
1089.96 ± 4833.42

0.8 ± 5.48
70.78 ± 574.54

270.36 ± 245.53
250.00 ± 248.57

273.87 ± 271.99
295.52 ± 317.85

275.09 ± 302.60
273.23 ± 309.15

125.8 ± 243.55
120.18 ± 240.41

266.87 ± 263.13
247.21 ± 247.28

137.60 ± 182.04
75.80 ± 92.38

154.97 ± 186.61
84.83 ± 94.97

156.32 ± 211.00
82.15 ± 110.01

75.75 ± 196.61
36.00 ± 65.60

102.95 ± 200.47
50.27 ± 76.29

0.64 ± 0.22
0.56 ± 0.36

0.53 ± 0.25
0.34 ± 0.34

0.45 ± 0.26
0.30 ± 0.32

0.35 ± 0.23
0.24 ± 0.27

0.57 ± 0.18
0.35 ± 0.32

0.31 ± 0.22
0.26 ± 0.24

0.42 ± 0.25
0.45 ± 0.28

0.51 ± 0.26
0.51 ± 0.24

0.61 ± 0.24
0.60 ± 0.25

0.39 ± 0.18
0.44 ± 0.22

a

SDI = index of shoreline deviation from a perfect circle; Area = surface area of individual wetlands (ha); RdDist = Euclidean distance from
wetland edge to nearest road (m); WetDist = Euclidean distance from wetland edge to edge of nearest neighboring wetland (m); pCrop =
proportion of upland that is crop in 6.2 km2; pHerb = proportion of upland that is herbaceous cover in 6.2 km2
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Table 2.3. Summary statistics of continuous variables measured for wetlands randomly selected for diurnal and nocturnal habitat
selection analyses.

Diurnal

Nocturnal

All Locations

Model Covariatesa

Mean

SD

Mean

SD

Mean

SD

P10

P50

P90

SDI
Area (ha)
RdDist (m)
WetDist (m)
TempSeas (ha)
pCrop
pHerb
TotWetArea (ha)
LinearRd (km)

1.64
29.90
273.57
99.43
67.51
0.41
0.43
74.54
8.11

1.15
651.52
296.63
134.82
63.36
0.33
0.28
61.36
5.75

1.64
32.47
271.87
103.78
65.02
0.42
0.43
74.72
8.10

1.19
664.99
292.90
145.43
61.95
0.33
0.28
63.20
5.74

1.64
31.06
272.81
101.39
66.39
0.42
0.43
74.62
8.11

1.17
657.63
294.96
139.72
62.74
0.33
0.28
62.19
5.75

1.13
0.09
0.00
0.00
6.57
0.00
0.09
14.04
2.98

1.38
0.54
189.03
60.00
49.50
0.43
0.39
60.84
7.42

2.26
9.90
651.67
240.00
149.49
0.86
0.85
149.31
12.98

a

SDI = index of shoreline deviation from a perfect circle; Area = surface area of individual wetlands (ha); RdDist = Euclidean distance from
wetland edge to nearest road (m); WetDist = Euclidean distance from wetland edge to edge of nearest neighboring wetland (m); Wkend =
indicator of locations being collected on weekends (1) or weekdays (0); TempSeas = total area of temporary and seasonal wetlands in 6.2 km2
(ha); pCrop = proportion of upland that is crop in 6.2 km2; pHerb = proportion of upland that is herbaceous cover in 6.2 km2; TotWetArea =
total surface water area in 6.2 km2 (ha); LinearRd = linear kilometers of road in 6.2 km2; Week = continuous variable for chronological week
through the post-fledging period starting 1 August

63

64

Table 2.4. Model results for juvenile mallard diurnal habitat selection during the postfledging period in North and South Dakota, 2018–2019.
Model

Parametersa

Kb

ΔBICc

wid

Wetland Foraging
Potential

Class×Year+SDI+WetDist

7

0.0

0.99

Wetland Global
Model

Class×Year+SDI+WetDist+Class+Area+RdDist×Wkend
+Area×Wkend

12

8.6

0.01

Wetland Structure

Class+Area

5

4209

0.0

Wetland Disturbance
Potential

RdDist×Wkend+Area×Wkend

7

4642

0.0

Local Global
Model

TempSeas×Year+pCrop×Week+TotWetArea+
LinearRd×Wkend+pHerb×Sex+TempSeas×Sex

16

5577

0.0

Wetland Density

TotWetArea

3

5835

0.0

Local Prospecting

pHerb×Sex+TempSeas×Sex

7

8578

0.0

Local Foraging
Potential

TempSeas×Year+pCrop×Week

8

8701

0.0

Local Disturbance
Potential

LinearRd×Wkend

5

8874

0.0

a

Class = categorical variable for wetland class (lacustrine, riverine, semipermanent, seasonal, or temporary
wetland); SDI = index of shoreline deviation from a perfect circle; Area = surface area of individual wetland
(ha); RdDist = Euclidean distance from wetland edge to nearest road (m); WetDist = Euclidean distance from
wetland edge to edge of nearest neighboring wetland (m); Wkend = indicator of location being collected on
weekend (1) or weekdays (0); TempSeas = total area of temporary and seasonal wetlands (ha); pCrop =
proportion of upland that is crop in 6.2 km2; pHerb = proportion of upland that is herbaceous perennial cover
in 6.2 km2; TotWetArea = total surface water area in 6.2 km2 (ha); LinearRd = linear kilometers of road in
6.2 km2; Week = continuous variable for chronological week through the post-fledging period starting 1
August
b
K = number of estimated parameters
c
ΔBIC = Difference in Bayesian Information Criterion (BIC) value from best-approximating model with
lowest BIC value (BIC of best diurnal model = 158145.8; BIC of best nocturnal model = 129334.9).
d
wi = relative model weight; proportion of variation in the response explained by the model

65

Table 2.5. Parameter estimates and 85% confidence intervals for covariates in the top
diurnal and nocturnal habitat selection models.

Model
Covariatesab
SDI
WetDist
Seas×2018
Seas×2019
Lake×2018
Lake×2019
Semi×2018
Semi×2019
River×2018d
River×2019
Area
RdDist
RdDist×Wkend
Area×Wkend
a

c

β
1.44
-0.01
0.36
-0.02
1.24
1.38
0.57
0.30
-2.72
-2.88
-

Diurnal
LCL85
1.41
-0.03
0.21
-0.09
1.05
1.25
0.42
0.22
-3.44
-3.34
-

UCL85
1.48
0.02
0.51
0.05
1.43
1.51
0.72
0.37
-2.01
-2.42
-

c

β
1.40
-0.06
0.17
0.14
0.54
0.73
0.24
0.23
-27.84
-3.57
2.01
0.02
0.05
1.01

Nocturnal
LCL85
UCL85
1.35
1.44
-0.08
-0.03
0.02
0.31
0.05
0.22
0.52
0.56
0.72
0.75
0.09
0.38
0.13
0.32
-205738.89 205683.20
-4.34
-2.80
1.63
2.38
-0.01
0.04
0.00
0.10
0.27
1.75

SDI = scaled index of shoreline deviation from a perfect circle; WetDist = scaled Euclidean
distance from wetland edge to edge of nearest neighboring wetland; Seas = seasonal wetlands;
2018 = locations collected in 2018; 2019 = locations collected in 2019; Lake = lacustrine
wetlands; Semi = semipermanent wetlands; River = riverine wetlands; Area = scaled surface
area of individual wetlands; RdDist = scaled Euclidean distance from wetland edge to nearest
road; Wkend = indicator of locations being collected on weekends (1) or weekdays (0)
b
Reference categories are River, 2018, and Weekday.
c
Betas are on a log-link
d
No detected use of riverine wetlands during nocturnal periods in 2018.

Table 2.6. Proportions of use and availability of wetlands by National Wetlands Inventory permanency class and year.
2018
Wetland Class
Diurnal
Temporary
Seasonal
Semipermanent
Lacustrine
Riverine
Nocturnal
Temporary
Seasonal
Semipermanent
Lacustrine
Riverine

2019

Used

Available

U/A Ratio

Used

Available

U/A Ratio

0.06
0.32
0.45
0.17
<0.01

0.11
0.44
0.40
0.03
0.02

0.54
0.72
1.13
5.66
0.10

0.19
0.39
0.30
0.11
0.01

0.23
0.52
0.21
0.01
0.02

0.83
0.75
1.43
11.00
0.50

0.08
0.34
0.41
0.17
0.00

0.11
0.46
0.38
0.03
0.02

0.73
0.74
1.08
5.67
0.00

0.17
0.42
0.29
0.11
<0.01

0.23
0.53
0.21
0.01
0.02

0.74
0.79
1.38
11.00
0.25
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Table 2.7. Model results for juvenile mallard nocturnal habitat selection during the postfledging period in North and South Dakota, 2018–2019.
Model

Parametersa

Kb

ΔBICc

wid

Wetland Global
Model

Class×Year+SDI+WetDist+Class+Area+RdDist×Wkend+
Area×Wkend

12

0.0

>0.99

Wetland Foraging
Potential

Class×Year+SDI+WetDist

7

100

<0.01

Wetland Structure

Class+Area

5

2707

<0.01

Wetland Disturbance
Potential

RdDist×Wkend+Area×Wkend

7

2950

0.0

Local Global
Model

TempSeas×Year+pCrop×Week+TotWetArea+LinearRd×Wkend
+pHerb×Sex+TempSeas×Sex

16

4702

0.0

Wetland Density

TotWetArea

3

4733

0.0

Local Prospecting

pHerb×Sex+TempSeas×Sex

7

7525

0.0

Local Foraging
Potential

TempSeas×Year+pCrop×Week

8

7585

0.0

Local Disturbance
Potential

LinearRd×Wkend

5

7667

0.0

a

Class = categorical variable for wetland class (lacustrine, riverine, semipermanent, seasonal, or temporary
wetland); SDI = index of shoreline deviation from a perfect circle; Area = surface area of individual wetland
(ha); RdDist = Euclidean distance from wetland edge to nearest road (m); WetDist = Euclidean distance from
wetland edge to edge of nearest neighboring wetland (m); Wkend = indicator of location being collected on
weekend (1) or weekdays (0); TempSeas = total area of temporary and seasonal wetlands (ha); pCrop =
proportion of upland that is crop in 6.2 km2; pHerb = proportion of upland that is herbaceous perennial cover
in 6.2 km2; TotWetArea = total surface water area in 6.2 km2 (ha); LinearRd = linear kilometers of road in
6.2 km2; Week = continuous variable for chronological week through the post-fledging period starting 1
August
b
K = number of estimated parameters
c
ΔBIC = Difference in Bayesian Information Criterion (BIC) value from best-approximating model with
lowest BIC value (BIC of best diurnal model = 158145.8; BIC of best nocturnal model = 129334.9).
d
wi = relative model weight; proportion of variation in the response explained by the model
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CHAPTER 3. WEATHER INFLUENCES THE RELOCATION MOVEMENTS OF
JUVENILE MALLARDS DURING THE POST-FLEDGING PERIOD
Abstract
The mallard (Anas platyrhynchos) is an abundant species with immense
socioeconomic impact in the Central and Mississippi Administrative Flyways relative to
other waterfowl species because of its value to waterfowl hunters. Juvenile mallards
comprise a significant proportion of duck harvest, especially at northern latitudes when
they are young and inexperienced. Extensive research has evaluated breeding adult and
duckling ecology in the Prairie Pothole Region, the most productive breeding region for
mallards in North America. However, limited research has evaluated the movement
ecology of juvenile mallards between fledging and migration. The post-fledging
movements of juvenile mallards are vital components of management and conservation in
the PPR. Further, the distribution of juvenile mallards before and during duck season may
have critical implications for hunter opportunity, success, and satisfaction. I marked 137
juvenile mallards with intracoelomic satellite transmitters in North and South Dakota
during the post-fledging periods of 2018 and 2019. I assessed to what extent habitat,
human disturbance, weather, migratory restlessness, and mallard age and sex influenced
relocation distance and direction and characterized relocation timing relative to hunting
season. Relocation distances increased by 3.3 km for each 1 km/hr increase in wind speed
when relocations occurred with tail winds. Falling minimum daily temperatures and
increasing snow cover encouraged relocations to the southeast, but probabilities of
relocating northwest, northeast, and southwest were not associated with any of the
evaluated covariates. My results suggested that juvenile mallards relocate in stages
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during the post-fledging period, with birds marked before fledging experiencing
infrequent longer movements to the north, but possibly remaining closer to natal areas
than juveniles marked after fledging. Thus, increased local abundances of mallards
fledged later in the breeding season and closer to the start of hunting season has the
potential to improve local hunting opportunity. Management practices and policy
intended to increase the success of late-nesting mallards could be valuable for improving
hunter opportunity, success, and satisfaction at locations where mallards breed.
Introduction
Movement behaviors can influence foraging efficiency, reproductive output, and
survival across taxa and are important considerations for management and conservation
planning (Knegt, de et al. 2007, Davis and Afton 2010, Apa et al. 2017, Daly et al. 2019,
Klinard et al. 2020). Birds make a variety of movements throughout different parts of
their lives, including microscale positional changes to optimize thermoregulation (Jorde
et al. 1984), daily foraging flights (Davis and Afton 2010), within-season relocations
between discrete habitat patches (Sauter et al. 2010, Kleyheeg et al. 2017), natal dispersal
(Kirby et al. 1989, Roy et al. 2014), molt migrations (Salomonsen 1968), and annual
migrations to exploit seasonally abundant resources and favorable environmental
conditions (Ramenofsky and Wingfield 2007). Comprehensive evaluations of movement
ecology are especially instructive for migratory species, as they require spatiotemporally
unique and diverse resources across the annual cycle and life-history stages (Baldasarre et
al. 1983, Jorde et al.1984, Swanson et al. 1985, Krapu et al. 1997). Moreover, preparation
for the energetically costly task of migration often occurs during non-migratory periods.
Migration preparedness and efficiency may be positively or negatively affected by
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moving among available habitats and the ability of an animal to procure resources and
avoid threats before migration begins (Guillemette et al. 2012).
Migratory movements can be driven by many intrinsic and extrinsic factors. For
example, seasonal changes in food resources influence migration patterns (Ramenofsky
and Wingfield 2007, Bonnet-Lebrun et al. 2020). Weather conditions have been shown to
influence daily foraging movements and home range size (Bossenmaier and Marshall
1958, Kleyheeg et al. 2017), within-winter relocations (Sauter et al. 2010), and timing of
migratory movements (Schummer et al. 2010, O’Neal et al. 2018, Weller et al. 2022).
Observed differences in male and female movement behaviors of waterfowl may support
hypotheses related to territory selection or prospecting for breeding sites (Kirby et al.
1989, Roy et al. 2014). Further, migratory restlessness is an innate pre-migratory
behavior exhibited by many migratory birds that often manifests as increased nocturnal
activity, preferential orientation in the direction of the upcoming migration, and
hyperphagia (Gwinner 1996, Berthold 2001, Ramenofsky and Marshall 2007). Finally,
many studies have reported waterfowl altering movement behaviors in response to
anthropogenic disturbance, such as hunting (LaGrange and Dinsmore 1989, Korschgen
and Dahlgren 1992, Evans and Day 2002, Dooley et al. 2010, Szymanski et al. 2013,
Dinges et al. 2015).
The mallard (Anas platyrhynchos) is a globally abundant species that exhibits
partial (i.e., not all individuals migrate; Ramenofsky and Marshall 2007) and facultative
(i.e., in response to seasonal and annual variation in resources and environmental
conditions; Newton et al. 2012) migration strategies. In North America, midcontinental
mallards primarily nest in the Prairie Pothole Region (PPR) and winter in the Mississippi
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Alluvial Valley (Baldassarre 2014). The widespread occurrence and generalist nature of
mallards often make them a preferred target species by waterfowl hunters in the Central
(CF) and Mississippi (MF) Administrative Flyways, resulting in an estimated annual
economic value of $2.3 billion USD (Carver 2015). Migratory movement patterns and
timing are of interest to waterfowl hunters, especially in the southern portions of the CF
and MF near the terminus of autumn migration. However, regional movements or
relocations prior to migration may be equally influential for waterfowl hunter opportunity
and success at more northern latitudes.
Juvenile mallards are particularly important to waterfowl hunter harvest and
opportunity, comprising 62% of mallard harvest and 27% of the total duck harvest in the
Dakotas from 1998–2018 (Dubovsky 2018). However, hunters in the region have
expressed concerns about perceived redistributions and decreases in local abundances of
mallards prior to waterfowl hunting seasons (Szymanski et al. 2013). Band recovery data
illustrate that some juvenile mallards relocate before migrating, with 25% of September–
October direct band recoveries (i.e., recoveries occurring in the same year as banding) of
juvenile birds occurring outside the state in which they were banded. Previous research
has examined mallard movements during breeding and wintering periods (Nichols et al.
1983, Davis and Afton 2010, Palumbo et al. 2019), and many recent studies have focused
on mallard migration and stopover ecology (Yetter et al. 2018, Aagaard et al. 2022,
Weller et al. 2022). However, far fewer studies have investigated post-fledging
movements of juvenile mallards in North America prior to their first autumn migration
(Kirby et al. 1989, Beaudoin 2010).
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This research intends to address knowledge gaps in the ecology of post-fledging
movements of juvenile mallards by evaluating potential internal and external factors that
may influence the distance, direction, and timing of relocations prior to migrating. In a
study of post-fledging ring-necked ducks (Aythya collaris) in Minnesota, Roy et al.
(2014) proposed four movement hypotheses, including habitat optimization, future
territory or breeding site selection, staging or navigational target formation, and hunting
disturbance. I included similar territory/breeding site selection and staging/navigational
target formation hypotheses in my analyses because they were partially supported in the
Minnesota study of juvenile waterfowl. The habitat optimization and hunting disturbance
hypotheses were unsupported in Minnesota; however, I included a habitat hypothesis due
to the extensive spatiotemporal heterogeneity of wetlands in the PPR (Herfindal et al.
2012) and a disturbance hypothesis because past research has suggested that hunting
pressure may affect movement rates of young mallards in autumn (Beaudoin 2010).
Finally, I evaluated a weather hypothesis because past research has demonstrated the
effect of weather variables on within-season waterfowl movements (Sauter et al. 2010,
Kleyheeg et al. 2017). Understanding relocation behaviors of juvenile mallards is vital, as
large movements likely influence migration behaviors and survival prior to winter.
Further, the distance, direction, and timing of mallard relocations has implications for
waterfowl hunter opportunities and success. Results of this study will contribute
considerably to the understanding of post-fledging movement behaviors of mallards in
the PPR and may reveal new insights to inform decision making regarding habitat
conservation, public land management, and improvements to waterfowl hunting
opportunities in the Dakotas.
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Study Area
I captured and marked juvenile mallards in late summers 2018–2019 across
southeastern North Dakota and northeastern South Dakota (Figure A1). The study area
encompassed approximately 290,000 km 2 of the PPR that lies north and east of the
Missouri River in the Dakotas and western Minnesota. The PPR was historically a
landscape of seasonally and annually dynamic shallow-water wetlands surrounded by
abundant contiguous grasslands (Stewart and Kantrud 1971, Leitch 1989). Surrounding
grasslands were historically large tracts of tall-, short-, and mixed-grass prairie, but the
region has experienced significant grassland and wetland loss since the mid-1800s
(Samson et al. 2004, Dahl 2014). Although large expanses of grassland persist in parts of
the Missouri Coteau ecoregion of the study area (i.e., the eastern edge of the Missouri
River Valley to the Missouri Escarpment), much of the upland in the PPR is now a mix of
row crop and native and nonnative herbaceous perennial cover (Bryce et al. 1998,
Wimberly et al. 2018).
Methods
Mallard Capture and Data Preparation
I captured male (72) and female (65) mallards that were flightless (56) or recently
fledged (81) in North and South Dakota from 2–30 August 2018 and 16 July–30 August
2019. Capture techniques included baited swim-in traps (Hunt and Dahlka 1953), baited
rocket nets (Dill and Thornsberry 1950), night-lighting (Lindmeier and Jessen 1961), and
a modified drive-trapping method (Cowan and Hatter 1952) that involved capturing
flightless mallards by hand on shore after a slow push via small motorboat or kayak. I
weighed juvenile mallards and selected individuals ≥640 g (≤5% of mallard body mass;
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Fair et al. 2010) to be implanted with gas-sterilized 32g Ornitrack transmitters with
percutaneous antennae (Ornitela, UAB, Vilnius, Lithuania). I marked ≤2 flightless mallards
and usually ≤5 fledged mallards per capture wetland, and split the sample as evenly as
possible between sexes at each site. The sample included 8, 9, and 10 fledged mallards
from three respective wetlands in South Dakota due to a limited number of available
captured birds in 2019. Veterinarians anesthetized mallards using 3% isoflurane and
administered analgesics butorphanol and bupivacaine (<2 mg/kg total) before implanting
transmitters. I held mallards ≥1 hour after surgery before releasing them on capture
wetlands. Mallards were fit with standard size 7A USGS aluminum leg bands and
auxiliary leg bands with instructions and contact information for reporting harvested
birds to North Dakota Game and Fish Department (NDGF) or South Dakota Game, Fish,
and Parks (SDGFP). All capture procedures and surgeries followed protocols approved by
South Dakota State University’s Institutional Animal Care and Use Committee (Approval
#18-048A) and were permitted by the USGS Bird Banding Lab, SDGFP, and NDGF.
Transmitters operated using the Global Positioning System (GPS) satellite array
and third generation (3G) cellular networks. Programmed geofence boundaries dictated that
transmitters collect 4–9 GPS locations per 24 hours and attempt 1 data transmission per 8
days when location latitudes were ≥42º N. Boundaries were also set to collect 0–4
locations per 24 hours and typically attempt 1 data transmission per 5 days when location
latitudes were <42º N. An exception to this rule was in a corridor of strong cellular
service along the Missouri River where I programmed individual transmitters to attempt
data transmissions once per 4 hours until all post-fledging locations were received. I
censored the first 14 days of location data for mallards caught on unbaited sites and data
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through 10 days beyond bait removal for mallards caught on baited sites (USFWS 1999).
Censoring early locations increased the probability that data used in movement analyses
were collected after mallards had fully recovered from surgeries, returned to normal
behavior patterns, and gained flight ability.
I identified the start of migration as movements >50 km, at bearings from 90–
270º, occurring after 1 October, and not returning along the same trajectory during
autumn. I considered the post-fledging period to include all locations collected from the
end of the censored period to the last location before initiation of migration. During the
post-fledging period, mallards generally used clusters of wetlands in relatively close
proximity (i.e., Core Use Areas [CUA]) before abandoning those clusters for new clusters
of wetlands. Spatiotemporally unique CUAs were identified by abrupt changes in use and
movement patterns; typically short, frequent movements among wetlands with repeated
use were punctuated by one longer movement as a wetland cluster was permanently
abandoned (Figure 3.1). Final movements away from wetland clusters were often >10 km
and I used this distance as a guideline for determining when CUAs had been abandoned.
To differentiate wetlands with sustained use from isolated and brief transit visits, I
considered locations to be within CUAs when ≥3 consecutive locations occurred on ≥2
wetlands, or multiple locations occurred on only 1 wetland for >24 hours (determined by
time differentials between first and last locations). I used CUAs to define and identify 3
types of movements during the post-fledging period. Movements within CUAs were
considered local movements (i.e., daily movements likely between foraging and roosting
sites). I identified relocation movements as those where birds transitioned (often >10 km)
between spatially and temporally explicit CUAs. A third type occurred when mallards
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moved to single locations that were >10 km from consecutive locations; these were
assumed to be exploratory movements and were excluded from analyses. Relocations
were occasionally <10 km if mallards abandoned CUAs, made ≥1 exploratory movement
before settling on the next CUA and the new CUA was <10 km from the previous
(abandoned) CUA.
The movement analyses herein include only post-fledging relocations because I
believed these longer-distance regional movements provided insight about redistributions
of juvenile mallards that may influence body condition and survival and could affect
local duck hunting opportunities in the PPR. I calculated Euclidean distances between the
last location of the abandoned CUA and the first location of the new CUA to determine
relocation distances. I calculated individual cumulative relocation distances for 3 crucial
time points through the post-fledging period by summing distances of relocations
occurring up to the start of duck hunting season, through the first 3 weeks of duck
hunting season, and until the initiation of migration. I calculated displacement distances
(i.e., Euclidean distance moved away from capture wetland) for the same 3 critical postfledging time steps. Finally, I estimated relocation directions as the movement bearings
(in degrees) from the last used locations in abandoned CUAs to the first used locations in
new CUAs.
Analytical Approach
I used an information-theoretic approach to develop a priori models related to five
movement hypotheses (Burnham and Anderson 2002): habitat optimization, human
disturbance, prospecting/territory site selection, weather, and staging/migratory
restlessness (Table 3.1). I fit linear mixed models in R package lme4 to evaluate a set of
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candidate models potentially explaining variation in juvenile mallard relocation distance.
Mallards exhibit a high degree of individual variation in displacement distances
(Kleyheeg et al. 2017) and I accounted for this by including an identifier of each
individual marked mallard as a random effect in relocation distance models. I considered
the same set of five hypotheses to model relocation direction (categorized as movements
to the northeast [0–89º], southeast [90–179º], southwest [180–269º], or northwest [270–
359º]) using multinomial logistic regression fit in R package nnet. Pairs of independent
variables with Pearson correlation coefficients of |r| > 0.6 were not used together in
models.
I used Akaike’s Information Criterion (AIC) to evaluate how well data fit each
model and determine relative model strength. I considered the model with the lowest AIC
value to be the best-approximating model from the candidate set, and any model within 2
AIC units of the top model to be competing (Burnham and Anderson 2002). I evaluated
the direction and magnitude of relationships for parameters in the top models by
calculating odds ratios and 85% confidence intervals and considered model parameters
with confidence intervals overlapping 0 to be uninformative (Arnold 2010). Additionally,
I used Wilcoxon-Mann-Whitney tests, Dunn’s pairwise comparisons, and chi-square
analyses evaluated at an alpha level of 0.1 to investigate differences in relocation distance
and direction of juvenile mallards marked before and after fledging.
Habitat optimization has been proposed as a possible explanation for postfledging waterfowl movements (Kirby et al. 1989, Roy et al. 2014). I assumed that
quality and abundance of resources likely varied across CUAs and evaluated whether
habitat quality motivated juvenile mallard relocations. I predicted that juvenile mallards
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using CUAs with selected habitat characteristics (identified in Chapter 2) would be less
likely to relocate, exhibiting longer residency times within individual CUAs. Inversely, I
expected that juvenile mallards using CUAs with less desirable habitat qualities would
exhibit shorter residency times and move greater distances to find better habitat.
Accordingly, I included estimated number of days mallards remained in individual CUAs
(ResidCUA) as a habitat optimization model covariate. Further, complexes of wetlands
proximate to one another on a landscape are energetically advantageous for waterfowl
because they should provide diverse forage and cover to meet nutritional and security
needs while minimizing energy expenditure (Tidwell et al. 2013). I assumed that smaller
CUAs indicated better habitat quality because juvenile mallards were able to find
resources they needed to survive in smaller space with less energy used to move between
wetlands. Thus, I calculated minimum convex polygons around used locations and
included CUA size (AreaCUA) in the habitat optimization model.
In addition to covariates related to area and residency times of CUAs, habitat
selection analyses presented in Chapter 2 identified shoreline development index (SDI)
and wetland class as characteristics that explained variation in juvenile mallard wetland
selection. Shoreline development index was calculated as the ratio of the perimeter of a
wetland to the circumference of a circle of equal area, given by the equation SDI =

√

where L is the length of shoreline and A is the wetland area (Aronow 1982). For example,
a perfect circle would have an SDI = 1 and SDI values increase as shorelines become
more complex. I included median SDI of used wetlands in each CUA weighted by
number of locations on each wetland (SDI) as a habitat optimization model covariate. I
calculated covariate values using wetland area and perimeter estimates derived from
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month-specific Dynamic Surface Water Extent (DSWE, Earth Resources and
Observation Science Center) products, described in detail in Chapter 2 (pp.29–30 ) I also
combined DSWE estimated wetland extents with National Wetlands Inventory (NWI)
wetland classes to identify each wetland within a CUA as temporary, seasonal,
semipermanent, lacustrine, or riverine based on vegetation characteristics and water
permanency. My previous analyses indicated that juvenile mallards exhibited strong
selection pressure for lacustrine wetlands during the post-fledging period in 2018–2019,
so I included the proportion of CUA locations that occurred on lacustrine wetlands
(LAC) as the final covariate in the habitat optimization model.
Human disturbance, particularly related to waterfowl hunting, can affect flight
distances, distributions, and survival of waterfowl (Beaudoin 2010, Dooley et al. 2010,
Dinges et al. 2015). However, the level of impact varies spatially and temporally, with
effects being most apparent early in the duck season (Kirby and Sargeant 1999, Dooley et
al. 2010) and more so on weekends than weekdays (Evans and Day 2002). I expected that
juvenile mallards facing hunting disturbance for the first time (i.e., early in the duck
hunting season) would relocate longer distances to the southeast, mimicking migrationlike movements to escape hunting pressure. However, juvenile mallards that survived the
first few weeks of hunting season may have been less reactive to disturbance or had
found locations with relatively lower disturbance later in the duck hunting season. I
included duck hunting season status as a categorical variable that indicated whether a
relocation occurred before, during the first three weeks of, or beyond the first three weeks
of duck season opening (Hunt). I interacted Hunt with a variable indicating whether a
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relocation occurred on a weekend or weekday (Wkend) to explore daily differences in
disturbance.
Weather is an environmental force acting on waterfowl behavior and movements
(Bossenmaier and Marshall 1958, Jorde et al. 1984, Sauter et al. 2010, Schummer et al.
2010, Kleyheeg et al. 2017, O’Neal et al. 2018). I used the Movebank Environmental
Data Automated Track Annotation System (Env-DATA; Dodge et al. 2013) to download
environmental data for specific dates and locations associated with relocation events.
Weather data were originally derived from National Centers for Environmental
Prediction North American Regional Reanalysis data (NCEP-NARR; National Centers
for Environmental Prediction/National Weather Service/NOAA/U.S. Department of
Commerce 2005). I downloaded environmental data related to wind speed and direction,
temperature, and snow cover to manipulate and use in weather models.
Juvenile mallards may be especially sensitive to wind characteristics, as strong
winds may negatively impact the flight control of inexperienced juvenile mallards.
However, head, tail, and cross winds likely have disparate aerodynamic effects on
mallard flight. I calculated horizontal wind speed and direction using NCEP-NARR
north-south (meridional) and east-west (zonal) wind components collected ~30 m above
the ground surface. I created a categorical variable, wind direction relative to relocation
direction (RelWDir), to indicate a tail wind if wind bearing to destination was ≤22.5º
from the relocation bearing, a cross wind if wind bearing to destination was >22.5º and
<135º from the relocation bearing, and a head wind if wind bearing to destination was
≥135º from the relocation bearing (Figure 3.2). I interacted wind speed (Wspeed) and
RelWDir in the relocation distance model. Similarly, I categorized absolute wind
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direction (bearing from origin; WDir) as northeast (0–89º), southeast (90–179º),
southwest (180–269º), or northwest (270–359º) to interact with Wspeed in the weather
model for relocation direction.
Decreased temperatures have been associated with non-migratory movement
distances and directions (Bossenmaier and Marshall 1958, Sauter et al. 2010). I
downloaded NCEP-NARR temperature data collected at 10-m altitudes and 3-hour time
intervals on dates of relocation events to estimate minimum daily temperatures. I
included minimum daily temperature on date of relocation (MinTemp) as a covariate in
the weather models for relocation distance and direction. I expected that lower minimum
daily temperatures would result in longer relocations to the southeast, which would
provide birds with thermoregulatory benefits and greater access to unfrozen wetlands. I
expected a similar relationship between relocations and snow depth, as snow cover
decreases food accessibility (Jorde et al. 1984). Thus, I included NCEP-NARR estimated
snow depth (Snow) as the final covariate in models to evaluate the effects of weather on
relocation distance and direction.
Prospecting/territory selection may help explain differences observed in natal
wetland use and movement patterns between male and female mallards and ring-necked
ducks (Kirby et al. 1989, Roy et al. 2014). If relocation distances and directions during
the post-fledging period are driven largely by extrinsic factors such as habitat or weather,
no sex-specific variation in juvenile mallard response should be expected. However, the
observed discrepancies in past research between male and female movements could
provide evidence of an innate behavior by female mallards to prospect in autumn for
potential nesting or brood-rearing sites to be used during the next breeding season or
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juvenile males joining adults on northward molt migrations. Mallards may begin
demonstrating pair-bonding activities as early as August (Barclay 1970) or September
(Johnsgard 1960), demonstrating the innate sex-specific behaviors or patterns in autumn
that juvenile mallards could exhibit. This may include directional preferences that vary
by sex and mirror the sex-specific post-breeding movements of adults in late summer. For
example, juvenile males may accompany adult males on northward molt migrations while
juvenile females remain nearer to natal areas. Accordingly, this hypothesis predicts
longer juvenile male relocations to the northwest and shorter omnidirectional juvenile
female relocations consistent with remaining closer to natal areas (Roy et al. 2014).
Mallards can exhibit relatively long nesting seasons with multiple renesting
attempts if early nests fail. This means that juvenile mallards can have highly variable
ages during the late summer and autumn. I captured juvenile mallards over 4–7 weeks
during each year of this study and ages ranged from capable of flight in mid-July to
incapable of flight in late August; thus, I anticipated differences in relocation ability and
opportunity of individuals at different points of the post-fledging period. I estimated the
age of mallards at capture using Gollop and Marshall (1954) duckling age classes and
extrapolated to estimate mallard ages at relocation. Mallards can first fly at ~60 days after
hatch, so I was unable to determine the exact age of individuals that could fly at the time
of marking; I assigned an age of 70 days at capture to all mallards marked after fledging
and increased the estimate by 1 day for each day after marking. I assumed this would not
bias results, as juvenile mallards had likely gained sufficient flight experience and
movements had become unrestricted by the time relocations occurred. I surmised that
innate male and female behavioral differences would be more evident for early-hatch
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(older) juvenile mallards, especially males, as fledging earlier in the summer gave them
more time and opportunity to join and relocate with large groups of adults. I interacted a
continuous variable for estimated Age at relocation (estimated days since hatch) and Sex
in a model to evaluate differences in male and female movement patterns while taking
into account the potential differences in relocation abilities and opportunities of
individuals through the post-fledging period.
Staging/migratory restlessness is a common behavioral change among migratory
species that may present as an increase in activity, especially at night, and excessive
foraging as individuals near migration (Ramenofsky and Wingfield 2007). I predicted
that juvenile mallards would relocate longer distances to the southeast during nocturnal
but not diurnal periods if the relocation model results supported the staging/migratory
restlessness hypothesis. I categorized relocations as occurring during nocturnal or diurnal
periods and included time of day as a categorical variable in the staging/migratory
restlessness models evaluating relocation distance and direction. Relocations occurring
from the start of nautical twilight in the morning (~30 minutes before sunrise) to the end
of nautical twilight in the evening (~30 minutes after sunset) were considered daytime
locations. Moreover, a shortening photoperiod may signal the approaching migration to
migratory birds and elicit restless behaviors (Newton 2012). I acquired day of year-,
latitude-, and longitude-specific calculations of photoperiod (hours per day of sunlight)
using R package geosphere and included photoperiod as a model covariate.
Results
I observed 125 juvenile mallards using 529 CUAs during the post-fledging
periods from 3 September–23 November 2018 and 6 August–30 November 2019.
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Individuals used 1–14 unique CUAs between fledging and migrating (𝑥̅ = 4.2, SD = 2.8).
Sizes of CUAs were highly variable across mallards (𝑥̅ = 4,355 ha, SD = 7,027 ha; Tables
A4–A5). Individuals remained in CUAs for an average of 12.9 days (SD = 13.6 days)
before relocating, during which they were detected using 1–49 unique wetlands per CUA
(𝑥̅ = 10, SD = 11). The proportion of used locations that occurred on lacustrine wetlands
within CUAs varied from 0 to 1, but less than half of used locations occurred on this
wetland type for 90% of all CUAs (90th percentile = 0.45). Median SDI of used wetlands
per CUA also varied among CUAs (𝑥̅ = 3.7, SD = 5.8). The average length of local
movements within CUAs was 2.1 km and exhibited uniform directionality (Figure 3.3A).
Juvenile mallards relocated an average of 4 times before migrating (range = 1–
13). Individuals using 1 CUA were excluded from relocation analyses because relocation
distances and directions could not be calculated. Overall, I detected 398 relocations by
100 juvenile mallards during the post-fledging periods of 2018 and 2019. Juvenile male
mallards completed 233 relocations (𝑥̅ = 4.2 moves/bird), and females completed 165 (𝑥̅
= 3.7 moves/bird). I detected 152 relocations for individuals marked before fledging (𝑥̅ =
3.9 moves/bird) and 246 relocations for individuals marked after fledging (𝑥̅ = 4.0
moves/bird). Mallards relocated on weekends 124 times (31% of relocations), and
weekends represented 29% of the week days available for relocations to occur. Juvenile
mallards relocated 88 times before the duck hunting season, 159 times during the first 3
weeks of duck hunting season, and 151 times after the first 3 weeks of duck hunting
season. Relocations were detected more during diurnal (214) than nocturnal (184)
periods. Weather features were variable when relocations occurred, with a median wind
speed of 21.3 km/hr (range = 1.0–53.1 km/hr), median minimum daily temperature of
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0.4º C (range = -18.1–19.5º C), and median snow depth of 0.0 cm (range = 0.0–8.7 cm).
The NCEP-NARR estimate of snow depth was >0 cm for 20% of relocations. Wind
direction was most common from the northwest (40%), followed by the southwest (31%),
southeast (19%), and northeast (11%) when relocations occurred.
Relocation Distance
Relocation distances averaged 45.0 km per move (n = 398, SD = 50.4 km, range =
5.3–391.3 km), and cumulative post-fledging relocation distances for individuals
averaged 179.4 km (n = 100, SD = 170.2 km, range = 5.5–812.7 km). Mallards were
monitored for varying lengths of time (range = 13–104 days); individual rates of
relocation (cumulative relocation distance/days monitored) averaged 3.2 km/day overall
(n = 100, SD = 2.9 km/day, range = 0.1–13.2 km/day). The relocation rate of juveniles
marked before fledging was 2.3 km/day (n = 39, SD = 2.1 km/day, range = 0.1–9.6
km/day) and the relocation rate of juveniles marked after fledging was 3.7 km/day (n =
61, SD = 3.2 km/day, range = 0.3–13.2 km/day). A Wilcoxon-Mann-Whitney test
indicated that cumulative relocation distances of juvenile mallards marked before
fledging (median = 90.2 km) may have been longer than the cumulative relocation
distances of juvenile mallards marked after fledging (median = 37.9 km; p = 0.09) for the
period before duck hunting season (Table 3.2). However, I detected no differences in
cumulative relocation distances for mallards marked before (BF) and after (AF) fledging
through the first 3 weeks of duck hunting season (BF median = 50.3 km; AF median =
67.9 km; p = 0.98) or through the end of the post-fledging period (BF median = 55.7 km;
AF median = 67.9 km; p = 0.43).
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Pairwise comparisons using Dunn’s test indicated median relocations to the
southeast (median = 34.3 km) were longer than relocations to the northeast (median =
22.8 km, p = 0.01) and southwest (median = 23.6 km, p = 0.04), but I could not reject the
null hypothesis of equal median distances for relocations to the southeast and northwest
(median = 27.3 km, p = 0.18). Distances and directions of relocations determined
displacement distances from capture wetlands at 3 crucial points in the post-fledging
period. I could not detect a difference in median displacement distances of juvenile
mallards marked before and after fledging at the start of duck hunting season (BF median
= 8.2 km; AF median = 47.4 km; p = 0.12), at the end of the first 3 weeks of duck hunting
season (BF median = 29.9 km; AF median = 49.0 km; p = 0.19), and immediately before
migration (BF median = 47.2 km; AF median = 70.3 km; p = 0.20; Table 3.2). I failed to
reject the null hypothesis that displacement distances were similar between the periods
before duck hunting season (median = 30.1 km) and within the first 3 weeks of duck
hunting season (median = 43.6 km; p = 0.19), but relocations were 2.1 times longer at the
end of the post-fledging period (median = 62.6 km) than the period before duck hunting
season (p < 0.01). There was a evidence of a weak difference in displacement distances
between the first 3 weeks of and later in the duck hunting season (p = 0.07), but I failed
to reject the null hypothesis that distances were similar for first and last detected
relocations (𝑥̅ first = 46.6 km, 𝑥̅ last = 47.4; p = 0.89).
The best-approximating model evaluating factors associated with relocation
distances of juvenile mallards represented the weather hypothesis (wi > 0.99). All other
evaluated relocation distance models were >60 AIC units from this model and
collectively had captured <1% of model weight. The weather relocation distance model
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included covariates for wind speed interacted with wind direction relative to movement
direction (Wspeed×RelWDir), minimum daily temperature (MinTemp), and accumulated
snow depth (Snow). The covariate Wspeed×RelWDir was the only variable to have a
meaningful effect on relocation distance, as the 85% confidence intervals about the
parameter estimates included 0 for all other interpretable model covariates (Table 3.3).
Relocation distances increased by 3.3 km (85% CI: 2.3–4.3 km) for each 1 km/hr
increase in wind speed when relocations occurred with tail winds (Figure 3.4, Table 3.3).
Relocation distances were less affected by wind speed in the presence of head winds (-1.1
to 0.4 km change in distance per 1 km/hr increase in speed) and cross winds (-1.0 to 0.7
km change in distance per 1 km/hr increase in speed). These results were consistent with
the estimated goodness-of-fit, which suggested that the weather model explained only
modest variation in relocation distance (R2 = 0.16).
Relocation Direction
Relocation directions of juvenile mallards were more common to the northwest
and southeast compared to local movements within CUAs (Figure 3.3B). Mallards
marked before fledging appeared to have less consistent directional tendencies than
mallards marked after fledging (Figures 3.5–3.6). When categorizing movements into 4
directions, I found evidence rejecting the null hypothesis that movement direction was
independent of flight status at marking before the duck hunting season (X 2 = 9.77, p =
0.02; Figure 3.6A). I failed to reject the null hypothesis that relocation directions of
mallards marked before and after fledging were independent during the early season (X 2
= 2.65, p = 0.45; Figure 3.6B) or late season (X 2 = 0.46, p = 0.93; Figure 3.6C).
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The best-approximating model of relocation direction included covariates for
wind speed interacted with wind direction (Wspeed×Wdir), minimum daily temperature
(MinTemp), and accumulated snow depth (Snow) and received 97% of the model weight.
Multinomial logistic regression models fit binomial logistic regressions for each
categorical response variable (i.e., northwest, northeast, southwest, and southeast
relocations), thus relationships with model covariates can vary for each response. The
probability of relocating to the southeast increased 1.8 times (85% CI: 1.1–3.1) for each
1-cm increase in snow depth (Table 3.4) and increased 1.1 times (85% CI: 1.0–1.1) for
each 1º C decrease in minimum daily temperature. However, parameter estimates and
85% confidence intervals including 0 suggested weak associations between model
covariates and probabilities of relocation directions to the northwest, northeast, or
southwest. The second-best model represented the disturbance hypothesis (ΔAIC = 7.3,
wi = 0.03). I examined parameter estimates and found that all 85% confidence intervals
included 0, indicating no associations between disturbance model parameters and
relocation direction.
Relocation Timing
The median dates of first detected relocations were 14 October 2018 and 11
October 2019. Overall juvenile mallard relocation rates (frequency relative to active
transmitters) increased throughout the post-fledging periods of 2018–2019 (Figure 3.7);
the lowest daily relocation rates (relocations/active transmitters per day) occurred before
duck hunting season opened (median = 0.02), followed by the first 3 weeks of duck
hunting season (median = 0.06) and beyond the first 3 weeks of duck hunting season
(median = 0.13). However, relocation frequency climbed steadily through the post-
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fledging period and did not exhibit a precipitous increase at the beginning of duck
hunting season, which may have indicated juvenile mallards relocated in response to
hunting disturbance when duck season began. A Wilcoxon-Mann-Whitney test revealed
that daily relocation rates for the entire post-fledging period were lower for juvenile
mallards marked before fledging (median = 0.04) than after fledging (median = 0.08; p
<0.01).
Discussion
Best-approximating models explaining variation in relocation distance and
direction of juvenile mallards during the post-fledging period were best explained by
weather hypotheses. Wind speed and relative wind direction were only associated with
relocation distance when relocations occurred during tail winds. This suggests that strong
tail winds may have facilitated or encouraged longer relocations, and that wind-mediated
movement was likely less important to juvenile mallards when relocating during the postfledging period compared to making longer migratory movements of hundreds to
thousands of kilometers (O’Neal et al. 2018).
Relocation model results demonstrated that minimum daily temperature and snow
depth influenced the probability of juvenile mallard movements occurring to the
southeast. These results conform to an intuitive and likely tendency for waterfowl to
move south as snow cover decreases accessibility of non-wetland food resources (Jorde et
al. 1984). Moreover, temperatures below 0º C begin to freeze surface water, which
decreases available wetland habitats and foods, suggesting juvenile mallards relocated to
the southeast in search of open water and accessible forage. Overall, juvenile mallards
exhibited a strong tendency for northwest and southeast relocations, possibly indicating
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that landscape-level relocation directions were partially influenced by innate northwest
and southeast biases that mirrored the continental-scale migration patterns of the
midcontinent mallard population.
Mallard migration energetics models have estimated that mallards use 2.1–16.0 g
of body fat per 100 km migrated, and they can replenish depleted lipids at rates up to 2%
of total body mass per day at stopover sites (Lindström 2003, Aagaard et al. 2022).
Migration energetics models may have limited applicability to the post-fledging period
because relocations are typically shorter than migratory movements and occur over longer
periods of time. However, 15% of marked juvenile mallards exhibited cumulative
relocations >300 km and 7% relocated >500 km before migration, which would likely
require several days of refueling to recover expended lipid reserves. It is unlikely that
juvenile mallards experience the same lipid depletion through several, typically shorter
(i.e., <100 km), post-fledging relocations compared with longer sustained flights
individuals undertake during migration, but juvenile mallards may also forage less
aggressively (i.e., not in a state of hyperphagia) or less optimally (due to inexperience)
during the post-fledging period than at stopover sites, reducing the rate at which they store
lipids. Thus, large cumulative relocation distances may slow the accumulation of
endogenous reserves before migration which could negatively affect migration efficiency,
body condition during and after migration, and survivorship (Aagaard et al. 2022).
Annual variation in weather conditions likely contributed to individual differences
in cumulative relocation distances and body condition immediately prior to migration.
Juvenile mallard relocations were longest when initiated at times of strong tail winds and
occurred most often to the southeast, implying that cumulative relocation distances of
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juvenile mallards may be influenced by the number of days with, and magnitude of,
winds from the northwest during autumn. Alternatively, juvenile mallards may have a
predisposition for southeastern movements during the post-fledging period as a precursor
for migration and may take advantage of strong tail winds from the northwest. Further,
annual variation in temperature or snow accumulation likely has thermoregulatory
implications for juvenile mallards; early freezing temperatures and snow cover could
impede migration preparedness, whereas late freezing temperatures and minimal snow
may facilitate lipid acquisition for migration by shortening relocation distances and
easing thermoregulatory demands. Juvenile mallards may have to consider trade-offs
between using less energy for shorter relocations or making longer and more energetically
expensive movements for habitat and thermoregulatory benefits that may be detrimental to
migratory success or survival.
This study illustrated the ability and propensity of juvenile mallards to move long
distances within the PPR before migrating. Unfortunately, it is impossible from these data
to ascertain localized net losses or gains of mallard abundance resulting from the
observed movement patterns that could affect hunter opportunity and success. The
observed relationships between minimum temperature, snow depth, and relocations to the
southeast demonstrated a meaningful influence of early snow or cold autumn conditions
on regional distributions of juvenile mallards. Broader implications of these relationships
are unknown, but suggest annual variation in temperature and snow accumulation could
accelerate or delay mallard migration from the PPR. Regardless, juvenile mallard
distributions before and during duck hunting seasons may be highly dependent upon the
timing of favorable or unfavorable relocation conditions. Annual differences in relocation
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patterns resulting from yearly variation in weather conditions may affect duck hunter
success and satisfaction given that hunting opportunities are at least partially contingent
on juvenile mallard abundance and distribution during the post-fledging period.
Juvenile mallard relocations from natal wetlands may occur in multiple stages
through the post-fledging period. Trends in the data suggested that juvenile mallards
marked before fledging may have had longer cumulative relocations occurring before
duck hunting season, with tendencies to the north compared to the shorter pre-hunting
cumulative relocation distances of juvenile mallards marked after fledging that exhibited
strong northwest and southeast tendencies (Figure 3.6). There were also weak and
possibly spurious trends in the data that may have suggested juvenile mallards marked
before fledging were closer to capture wetlands (i.e., had shorter displacement distances)
at the beginning of duck hunting season than mallards marked after fledging. However,
cumulative relocation and displacement distances converged for juvenile mallards
marked before and after fledging by later in the post-fledging period. An important
distinction is that I captured first true relocations of mallards marked before fledging in
my data, whereas first detected relocations of mallards marked after fledging presumably
occurred after initial movements had been made (prior to marking). Further, mallards
with different flight capabilities were captured and marked over 4–7 weeks; perhaps
mallards marked before fledging early in the capture period were beyond initial
relocation stages by the start of hunting season, confounding these patterns. Evaluating
relocation timing, distance and direction relative to estimated fledging date rather than
the start of duck hunting season may more conclusively identify relocation stages during
the post-fledging period or indicate that the observed trends were spurious. Regardless, I
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argue that these possible patterns deserve consideration in future work on post-fledging
waterfowl movement ecology.
The possible differences in relocation distance and direction between younger
(marked before fledging) and older (marked after fledging) juvenile mallards early in the
post-fledging period may affect perceived changes in abundance and redistribution of
mallards at northern latitudes at the beginning of duck hunting season. Annual variation
in mallard hatch chronology and within season variation of nest and duckling survival has
the chance of influencing local duck hunting opportunities and success. More birds
fledging earlier in the breeding season would result in older juveniles that my results
suggest may move greater distances from natal areas before the start of hunting season.
Management strategies aimed at improving success of nests and broods occurring closer
to hunting season could benefit local hunting opportunities and success, because these
birds may stay closer to natal areas before hunting season begins. Practices and policies
promoting conversion of croplands to haylands, delayed haying, and protection of
grasslands and wetlands could potentially promote more nesting and brood-rearing
habitat for later-nesting or re-nesting females (McMaster et al. 2005, Faria et al. 2016).
As the eastern Dakotas experience more precipitation and warmer temperatures
(Niemuth et al. 2014, McKenna et al. 2017), mallards will likely begin to breed earlier as
many other avian species have done in response to long-term climate changes (Bates et
al. 2022). Shifts in nesting chronology and autumn weather patterns have the potential to
affect juvenile mallard distributions during duck hunting seasons at more northern
latitudes. Early-hatched juvenile mallards could be less abundant near breeding locations,
simply because of their age and ability to relocate relative to the opening of hunting
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season. However, the overall mobility of juvenile mallards during the post-fledging
period suggests that local net abundances of mallards may remain the same if
immigration from other breeding areas balances emigration. Further, possible decreases
in abundances of locally produced juvenile mallards early in the post-fledging period may
be offset by delayed autumn migration and influxes of juveniles from farther north.
Hunters should continue to expect seasonal and annual variations in juvenile mallard
distributions that may positively or negatively influence local duck hunting opportunities
and success. Management strategies should be employed to ensure resilient and highquality wetland and grassland habitats that improve nest survival odds of late-nesting
mallards and promote substantial mallard abundance through duck hunting seasons.
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Figure 3.1. Example of post-fledging core use areas (CUA) and relocations for a juvenile
mallard (ID 181859) marked in August 2018 in South Dakota.
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Figure 3.2. Graphic depicting how head, tail, and cross winds were identified for a
covariate included in a relocation distance model describing wind direction (bearing to
destination) relative to relocation direction of juvenile mallards during the post-fledging
period.
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Figure 3.3 Directions (based on 360° cardinal directions) of within Core Use Area
movements (A) and relocation movements (B) by juvenile mallards during the postfledging periods in North and South Dakota, 2018–2019.
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Figure 3.4. Predicted strengths of effects of wind speed (km/hr) on relocation distance
(km) of juvenile mallards when movements occurred during head, cross, and tail winds in
North and South Dakota, 2018–2019.
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Figure 3.5. Post-fledging relocation directions of juvenile mallards marked before
fledging (A) and after fledging (B) in North and South Dakota, 2018–2019.
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Figure 3.6. Proportion of relocations to the northeast (NE), northwest (NW), southeast
(SE), and southwest (SW) by juvenile mallards marked before and after fledging during
the periods before duck hunting season, in the first 3 weeks of duck hunting season (early
season), and after the first 3 weeks of duck hunting season (late season) in North and
South Dakota, 2018–2019.

A

B

C

109

Figure 3.7. Rate of relocations (relocations/active transmitters) of juvenile mallards
through the post-fledging period. The average start date for duck hunting seasons in most
of eastern North and South Dakota in the 2018–2019 and 2019–2020 seasons was 25
September.
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Table 3.1. Model set, associated hypotheses, and predicted relationships for juvenile
mallard relocation distance and direction during the post-fledging period.

Model

Model Termsa

Habitat
Optimization

SDI
LAC
ResidCUA
AreaCUA

Human
Disturbance

Wkend×Hunt

Weather
Prospecting
Staging/Migratory
Restlessness
a

WSpeed×RelWDir
MinTemp
Snow
Age×Sex
TOD
Photoperiod

Predictions
Longer relocations from poorer habitat. Poorer habitat
indexed by <SDI, <pts on lakes, <CUA residency, >CUA
area (SDI and lakes considered only for used locations).
Longest relocations on weekends during the first three
weeks of duck season.
Relocations are farther when associated with strong
tailwinds, lower minimum daily temperatures, and more
snow cover.
Relocations by females are shorter, as they remain near
capture wetlands.
Longer relocations (especially to the southeast) are initiated
at night and as the photoperiod shortens.

SDI = index of shoreline deviation from a perfect circle, LAC = proportion of used locations within a
core use area (CUA) that occurred on lacustrine wetlands; ResidCUA = days spent in a CUA; AreaCUA
= area of the minimum convex polygons of locations within CUAs (ha); Wkend = binary variable
indicating if relocations occurred on weekends (1) or weekdays (0); Hunt = categorical variable
indicating timing relative to duck hunting season (before [0], during the first three weeks of [1], or
beyond the first three weeks of [2] the season); WSpeed = horizontal wind velocity 10 m above the
ground (m/s); RelWDir = categorical variable indicating a tailwind (wind bearing to destination is ≤22.5º
different than relocation trajectory), crosswind (wind bearing to destination is >22.5ºand <135º different
than relocation trajectory), or headwind (wind bearing to destination is ≥135º different than relocation
trajectory) used in relocation distance weather model; WDir = wind bearing to destination categorized as
northeast (0–89º), southeast (90–179º), southwest (180–269º), or northwest (270–359º) used in
relocation direction weather model; MinTemp = minimum daily temperature on date of relocation (ºC);
Snow = estimated snow depth (cm); Age = days since hatch estimated from capture date and duckling
age class at capture (Gollop and Marshall 1954); Sex = mallard gender determined at capture; TOD =
categorical variable indicating if relocation was diurnal or nocturnal; Photoperiod = hours of daylight
specific to date and geographic location.

Table 3.2. Summary statistics describing individual cumulative relocation distances and displacement distances (Euclidean distance
from capture wetland) immediately before hunting season (Before Season), at the end of the first 3 weeks of hunting season (Early
Season), and immediately before migrating (Late Season) for juvenile mallards marked before (BF) and after (AF) fledging in North
and South Dakota, 2018–2019. Summaries include relocations of 84 juvenile mallards that I was able to monitor for the entire postfledging period.
Cumulative Relocation Distances

Before Season
BF
AF
Early Season
BF
AF
Late Season
BF
AF

Displacement Distances

n

Mean

Median

Minimum

Maximum

Mean

Median

Minimum

Maximum

19
27

103.8
68.0

90.2
37.9

12.7
11.4

308.8
253.6

42.4
50.9

8.2
47.4

0.7
1.3

206.2
158.2

47
69

96.0
93.7

50.3
67.9

5.5
7.0

369.0
539.5

53.3
67.0

29.9
49.0

0.4
1.0

251.1
270.4

69
111

87.4
107.3

55.7
67.9

5.5
6.7

369.0
609.9

63.1
90.0

47.2
70.3

9.4
1.3

155.8
292.5

111

112

Table 3.3. Parameter estimates and 85% upper (UCL85) and lower (LCL85) confidence
limits for covariates in the top relocation distance model.
Model Covariatesab

β

LCL85

UCL85

Intercept

44.24

26.90

61.59

Wspeed

-0.35

-1.08

0.38

Wcross

1.95

-18.30

22.20

Wtail

-60.05

-84.82

-35.28

MinTemp

-0.35

-0.85

0.15

Snow

1.44

-2.18

5.05

Wspeed×Wcross

0.25

-0.61

1.11

Wspeed×Wtail

3.65

2.66

4.65

a

Wspeed = horizontal wind speed 30m above the ground surface; Wcross = crosswind (1; wind bearing
to destination is >22.5ºand <135º different than relocation trajectory); Wtail = tailwind (2; wind bearing
to destination is ≤22.5º different than relocation trajectory); MinTemp = minimum daily temperature on
relocation date (ºC); Snow = estimated snow depth (cm).
b
Reference category for relative wind direction is head wind (0; wind bearing to destination is ≥135º
different than relocation trajectory).

Table 3.4. Parameter estimates and 85% upper (UCL85) and lower (LCL85) confidence limits for covariates in the best-approximating
relocation direction model.
Northwest Relocationsbc

Southeast Relocationsd

Southwest Relocationse

Model Covariatesa

β

LCL85

UCL85

β

LCL85

UCL85

β

LCL85

UCL85

Intercept
Wspeed
WdirNW
WdirSE
WdirSW
MinTemp
Snow
Wspeed×WdirNW
Wspeed×WdirSE
Wspeed×WdirSW

-0.45
0.07
1.41
2.00
1.38
0.01
0.15
-0.10
-0.10
-0.07

-2.37
-0.04
-0.76
-0.31
-0.92
-0.03
-0.43
-0.21
-0.22
-0.19

1.48
0.17
3.59
4.31
3.67
0.04
0.73
0.02
0.02
0.05

-1.09
0.10
1.78
1.08
1.12
-0.05
0.60
-0.10
-0.08
-0.07

-3.10
-0.01
-0.44
-1.44
-1.29
-0.09
0.09
-0.22
-0.21
-0.20

0.93
0.21
4.00
3.59
3.52
-0.02
1.10
0.01
0.04
0.05

-0.03
0.04
-0.14
-0.71
-0.69
-0.02
0.41
-0.05
-0.02
0.01

-1.91
-0.06
-2.32
-3.25
-3.03
-0.06
-0.14
-0.16
-0.15
-0.11

1.84
0.15
2.05
1.83
1.65
0.02
0.96
0.07
0.11
0.14

a

Wspeed = horizontal wind speed (km/hr); WdirNW = wind direction from the northwest; WdirSE = wind direction from the southeast;
WdirSW = wind direction from the southwest; MinTemp = minimum daily temperature (ºC); Snow = snow depth (cm)
b
Northeast relocations used as reference category. Predicted probabilities of northeast movements were derived from combined predictive
probabilities of northwest, southeast, and southwest movements.
c
Northwest relocations = movement bearings ≥270º and <360º
d
Southeast relocations = movement bearings ≥90º and <180º
e
Southwest relocations = movement bearings ≥180º and <270º
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APPENDIX
Figure A1. Capture locations of juvenile mallards in southeastern North Dakota and
northeastern South Dakota in August 2018 (blue circles) and July–August 2019 (red
squares).
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Table A1. Reclassification of the 2016 National Land Cover Database used in mallard
habitat selection analyses.
Reclassified Land Cover

Original NLCD Classes

Developed land

Developed, open
Developed, low intensity
Developed, medium intensity
Developed, high intensity

Barren

Barren (rock, sand, and clay)

Forest

Deciduous forest
Coniferous forest
Mixed forest

Shrubland

Dwarf shrub
Shrub/scrub

Herbaceous cover

Grassland/herbaceous
Sedge/herbaceous
Pasture/hay

Cultivated

Cultivated
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Table A2. Summaries of diurnal (D) and nocturnal (N) GPS fixes used in post-fledging
habitat selection analyses for individuals marked in August 2018.
Mallard ID

D

N

171450
171451
181845
181846
181848
181849
181851
181853
181855
181856
181857
181858
181859
181860
181861
181862
181864
181865
181866
181867
181868
181869
181870
181871
181872

61
59
11
5
21
7
60
45
13
16
31
47
33
37
13
42
45
11
33
23
80
30
93
76
81

45
43
5
9
21
7
51
46
19
16
23
45
27
20
11
44
47
10
32
23
78
26
81
55
72

Start
Date
14-Sep
14-Sep
29-Sep
1-Oct
29-Sep
17-Sep
17-Sep
17-Sep
17-Sep
28-Sep
28-Sep
28-Sep
28-Sep
28-Sep
23-Sep
23-Sep
23-Sep
23-Sep
23-Sep
28-Aug
28-Aug
28-Aug
28-Aug
28-Aug
31-Aug

End
Date
9-Nov
9-Nov
21-Oct
11-Oct
25-Oct
23-Sep
6-Nov
31-Oct
30-Sep
12-Oct
20-Oct
16-Nov
24-Oct
25-Oct
4-Oct
15-Nov
11-Nov
1-Oct
19-Oct
20-Sep
6-Nov
21-Sep
23-Nov
26-Oct
7-Nov

Mallard ID

D

N

181873
181874
181875
181876
181878
181879
181880
181881
181882
181883
181884
181885
181886
181887
181888
181889
181892
181893
181894
181895
181896
181897
181898
181903

82
82
75
80
69
56
50
39
37
29
69
56
66
52
79
61
22
65
72
40
43
43
42
62

64
75
80
73
73
58
63
40
41
28
65
36
52
55
58
66
27
64
67
39
38
39
49
54

Start
Date
31-Aug
2-Sep
1-Sep
2-Sep
3-Sep
4-Sep
4-Sep
7-Sep
6-Sep
6-Sep
6-Sep
6-Sep
6-Sep
6-Sep
7-Sep
8-Sep
9-Sep
26-Aug
10-Sep
12-Sep
12-Sep
13-Sep
13-Sep
14-Sep

End
Date
11-Nov
10-Nov
11-Nov
9-Nov
14-Nov
7-Nov
16-Nov
17-Oct
12-Oct
3-Oct
11-Nov
7-Nov
8-Nov
26-Oct
11-Nov
6-Nov
30-Sep
6-Nov
9-Nov
21-Oct
25-Oct
7-Nov
6-Nov
7-Nov
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Table A3. Summaries of diurnal (D) and nocturnal (N) GPS fixes used in post-fledging
habitat selection analyses for individuals marked in July–August 2019.
Mallard ID

D

N

Start
Date

End
Date

Mallard ID

D

N

Start
Date

End
Date

192339
192340
192341
192342
192343
192344
192345
192346
192348
192349
192351
192352
192353
192354
192355
192356
192357
192358
192359
192360
192361
192362
192363
192364
192365
192366
192367
192368
192369
192370
192371
192372
192373
192374
192375
192376
192377
192378

93
134
94
144
93
118
103
87
48
31
36
115
108
116
137
112
107
107
132
86
129
124
78
81
135
96
90
94
90
66
70
69
24
75
42
30
57
58

77
122
85
106
76
106
94
87
47
30
42
93
104
100
87
98
72
75
89
71
115
94
59
69
100
78
78
64
58
66
58
49
32
51
48
32
45
43

3-Aug
30-Jul
5-Aug
30-Jul
31-Jul
1-Aug
1-Aug
1-Aug
8-Aug
9-Aug
10-Aug
10-Aug
10-Aug
10-Aug
17-Aug
11-Aug
16-Aug
16-Aug
17-Aug
18-Aug
20-Aug
20-Aug
20-Aug
21-Aug
22-Aug
22-Aug
23-Aug
23-Aug
23-Aug
23-Aug
10-Sep
12-Sep
13-Sep
6-Sep
6-Sep
6-Sep
4-Sep
3-Sep

11-Oct
27-Oct
30-Oct
10-Nov
1-Nov
23-Oct
10-Oct
21-Oct
10-Sep
11-Sep
21-Sep
9-Nov
6-Nov
29-Oct
16-Nov
7-Nov
28-Oct
29-Oct
29-Oct
13-Oct
16-Nov
4-Nov
9-Oct
18-Oct
11-Nov
6-Nov
30-Oct
6-Nov
17-Oct
4-Oct
28-Oct
16-Nov
11-Oct
28-Oct
29-Oct
8-Oct
28-Oct
11-Oct

192379
192380
192381
192382
192383
192384
192385
192386
192387
192388
192389
192390
192391
192392
192393
192395
192396
192397
192398
192399
192400
192402
192403
192404
192405
192406
192407
192408
192409
192410
192411
192412
192413
192414
192416
192417
192418
192419

44
112
4
100
78
94
56
115
110
86
54
53
56
76
48
65
71
69
60
60
53
76
53
76
26
42
45
74
35
70
65
101
96
72
85
67
10
59

28
83
3
66
54
72
45
67
70
69
44
44
42
45
29
52
47
50
50
43
31
46
22
64
24
38
32
52
39
68
50
66
69
54
55
53
10
46

3-Sep
30-Aug
31-Aug
27-Aug
27-Aug
26-Aug
26-Aug
26-Aug
26-Aug
26-Aug
27-Sep
27-Sep
28-Sep
28-Sep
28-Sep
28-Sep
28-Sep
1-Oct
1-Oct
1-Oct
1-Oct
1-Oct
28-Sep
28-Sep
28-Sep
28-Sep
1-Oct
1-Oct
1-Oct
21-Sep
21-Sep
21-Sep
21-Sep
21-Sep
21-Sep
21-Sep
23-Sep
27-Sep

27-Oct
11-Nov
13-Sep
9-Nov
28-Oct
10-Nov
29-Oct
10-Nov
28-Oct
24-Oct
10-Nov
11-Nov
7-Nov
30-Nov
30-Oct
10-Nov
10-Nov
30-Nov
23-Nov
30-Nov
10-Nov
18-Nov
30-Oct
30-Nov
11-Nov
6-Nov
16-Nov
28-Nov
9-Nov
6-Nov
11-Nov
29-Nov
30-Nov
10-Nov
23-Nov
9-Nov
13-Nov
5-Nov
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Table A4. Number of unique core areas (n) and summary statistics for areas used by
juvenile mallards during the post-fledging period in North and South Dakota, 2018.
Mallard ID

n

Mean (ha)

171450

1

171451

1

181845

SD (ha)

Mallard ID

n

Mean (ha)

SD (ha)

7164.8

181873

10

2040.8

2588.8

3322.8

181874

6

3421.6

5477.2

1

245.3

181875

5

8261.9

6500.8

181846

1

3870.3

181876

8

2256.5

3389.3

181848

3

12683.3

181878

11

5782.9

8834.7

181849

1

87.5

181879

2

18006.7

18391.7

181851

3

5294.6

1571.4

181880

4

6141.9

6992.3

181853

5

3259.1

6584.5

181881

1

21702.0

181855

1

1899.8

181882

1

15786.6

181856

2

1717.4

1811.1

181883

2

2798.9

181857

2

5063.0

4018.8

181884

1

10036.5

181858

14

967.2

1005.5

181885

1

7033.0

181859

5

1105.1

1466.2

181886

3

5973.5

181860

4

5916.8

5666.8

181887

1

791.8

181861

1

5518.0

181888

5

2493.4

3487.3

181862

9

1690.4

3038.9

181889

5

7715.8

10193.9

181864

10

2414.5

3391.8

181892

1

2991.1

181865

1

62.3

181893

4

2190.3

3134.4

181866

4

1601.0

1555.3

181894

4

3237.6

5027.6

181867

3

1097.8

723.8

181895

1

1738.0

181868

5

4934.3

9183.2

181896

3

2065.6

2870.4

181869

3

800.9

827.1

181897

2

1304.5

778.7

181870

6

10465.9

22769.5

181898

3

1603.0

1993.1

181871

5

4824.9

5054.2

181903

3

1786.7

2246.1

181872

5

3167.9

4192.4

19357.9

3813.5

8365.2
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Table A5. Number of unique core areas (n) and summary statistics for areas used by
juvenile mallards during the post-fledging period in North and South Dakota in 2019.
Mallard ID

n

Mean (ha)

SD (ha)

Mallard ID

n

Mean (ha)

SD (ha)

192339
192340
192341
192342
192343
192344
192345
192346
192348
192349
192351
192352
192353
192354
192355
192356
192357
192358
192359
192360
192361
192362
192363
192364
192365
192366
192367
192368
192369
192370
192371
192372
192373
192374
192375
192376
192377
192378

11
7
4
10
2
3
8
5
3
1
3
4
8
9
6
5
5
6
3
1
10
9
2
6
6
7
6
3
5
4
1
3
1
1
2
2
5
1

882.3
966.6
1277.6
2801.3
8461.9
12698.2
2735.1
7276.8
2942.3
1475.5
1984.7
8894.9
3285.4
1397.9
3069.3
5886.9
6290.4
6237.0
7504.1
18056.8
2395.4
2462.1
5171.8
1930.3
6414.3
1923.1
2365.6
11167.1
1785.0
3279.5
4412.8
7818.3
6356.8
11647.9
2545.0
10557.1
7051.4
14571.4

1199.3
1145.5
876.8
4279.5
2658.4
8205.4
3188.7
12070.7
2086.4

192379
192380
192381
192382
192383
192384
192385
192386
192387
192388
192389
192390
192391
192392
192393
192395
192396
192397
192398
192399
192400
192402
192403
192404
192405
192406
192407
192408
192409
192410
192411
192412
192413
192414
192416
192417
192418
192419

2
5
5
4
7
4
4
3
4
5
2
2
2
5
1
5
2
1
7
4
7
10
2
10
3
4
2
9
2
1
4
5
7
8
8
7
3
2

7523.0
5905.5
4731.1
5865.2
2182.0
4825.0
3085.2
8007.0
4132.7
9927.6
703.7
18250.5
3936.1
11187.4
15903.3
1943.0
3124.4
12754.1
13742.4
4783.7
1955.1
1945.9
5211.3
1674.4
10291.8
3469.8
3352.8
6930.7
11921.0
16407.3
1645.5
3835.7
5260.3
5031.9
2638.4
1755.8
837.0
5037.4

10096.3
9718.1
8087.1
2532.1
2783.3
4572.6
2364.8
8021.6
4723.8
8587.3
571.4
25344.8
4045.0
17944.0

3284.1
15483.3
3145.5
1361.2
3774.4
6833.0
4541.1
4163.7
5765.7
3050.3
2676.3
1646.3
4512.0
6376.8
1367.2
2356.7
9595.4
1982.8
3595.6
1512.6

1811.8
13472.7
12427.3

2694.2
3949.0
22759.0
4322.4
1686.8
2774.9
7352.3
2042.5
8784.7
3792.5
3844.2
9315.8
7167.8
1951.9
5769.0
8039.2
8590.2
4229.7
2259.5
1186.4
3601.1

